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.. ·ci llated .. structures . .A .ciliated' papilla found on b()th t b'.e 
"long ·.ten·t·a~Cle~ ,' i~ · lar.ge · numbers~ ·a.n-d·. on the short ·ten-
• . , " . • I \ 
'tacles, . in small.numbers'· has been ·exten~ively examined • 
' • ' • j 
~atomical .lnves'tigati~ns in conjunc~ion with preli'minary 
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·' Pe¢tin.idae I . cilia h~ve been . shown ~to occur in_ sp~.c~alized" 
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·.::st.ructures· on ·the te•ntacles,. ~l.thin · the man:t.le cavity, and 
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·· · in the. eyes.- · The ciliated retina · of the ·ere.s has been : • {"(I r.·:. 
.. .. ')., 
•' .· 
' •• B 
:. I 
• ' • • ' • ' I 
. · . e·~i~~~·fvel; · . s~'~d~e·d .by .a· large n~be'r ~£ · ~~thors, Barber·, · · .. 
. .. ' . . . 
; :, ; . . .. . 
. · Evans ·-and Land.·· (l967), Dakin (19iOa, ~·gz~b ,.,_ .. ~nier . (19?S), . 
. . Pa'tt.en· .. C18B7l': B~rber1 (1974.) revie.w.ed ·t~e :·wiqe'sp~ea'd ·. · 
. . . . . . . 4; . ·. . . -· • . ' . . . .. • . . • _. . . 
· occurrence ·of · ciHa· in sensory- syste.ms and . it h'as been ·· · 
I . . . .. : 
sugg-~sted · that the · cili'a · ma·y : be . imp_~rtan~ in ~he .trans-· 
:duct:i.on' of.\stimuli iri: th~- . ~~n);_ sensory. sy~-tems in ~-hich:. 
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. \. : . I 
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.. ~~ -~ -h~ · t~/nsduc:'~ion . of:;~·~.t~·l stimu~f in· tb'e.· 6iiia'ted · . . ·. : 
retina of the ey~: ~f ~'. ··magell~nicu~:; ~· it· wa.s ·. d~~-~:lei:l :_tc;> · - ·~, 
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a·ttempt :to .repeat . a 'study carried out _"Qy" Butcher (1~.30) ·on . . . .. ' 
tite · i-egerieraii~n of e"yes 'in ·.a '-:r:eiat~d· .. _.:g~nti·S? .. . ~-e~~~~ • . · ~t~·.: · .. ': ... '·A 
.. -~ {. . 
~as · :..~~ped . to be able to fol~ow . ·th~ teg~n~ra.tion at:·. th~ · · · . ~.~J'! 
' . . . . . ; . . .· . . . . . . ' . . ·. . . . ~~ ~ ! 
ultrastructural level, and physiolQg.i'ca:J,ly ,- r,.: and to ': d·et.~rmirie ·. ~ :. .1M:i 
· · • . I . · · · 0 : , 5!·• 
what ;Ie la tiolishi p there w~~ ' betwe~n . the •. ~e&eneration' .of ci ha · ·>'~· · . . . ~~ 
.· and ·t .he _renewal ·of elec.tr~cal act~v~ty 1.h th~ ret~na. .. · ·-: .· : . . · .- · · ~· 
• • ' • • ' • ' • • • I ' ' · ., ' ' ' • ' I•' ~~:. 
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a _'number of cilia; might be 
0 
sensorY.~: Sine~\ 'tlie \siz~·.: .-a~~-- ... ·. · · . . . 
.. abu11dance ~·{ · the'· two ·: t ·rpes· ~f. ' te~t-acie~···.is .. ~~: .. ~ispa~at~,::  ·. 
- ~ was decided · to examine both ·tQe· ·long. a~d .the .htirt :. ei <:.:,.' . · : · 
' . . . ~ . . . 
. .. . 
. ' 
' 
• l ' I ' \ ~ ' • , ~entacies ~to determine if any difference exist ·d ui th~ 
. . ' . . . 
cil.iat.ed s·tructu~e~ ·.on t-~r epi.~hel.ia·, 
a':la~omy .. o'f .the structures.: ~.rthermore· it was ~ecided to· 
and . . to d . c·r .. :tbe .the 
, . . . . . . . ' .. 
.. at~empt ~ · physi~logica·l · lnves~igati'oninto th~ .stimuli t .o· 
. ' which 'the sens~ ~rg~m~: resp~~"def . . . . 0 
: · .Eisi~ (1887.) and ... List '(i902), de~cri.be4 a discre.te · 
. . 
. . ~ . 
.... · paire(f·ciliated. str~cture ~.n · ~lie :inan.tle cay.~ ty of.var~..Ous ·. 
' . . • . . \i .. ·. , . . .. . . 
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··: ·-: · L~mellibrarichs, adjacent to the .anu6 . . Whl.te· (1937). !.: · 
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, . 11? 
;._ .... ~.:~emonstrated ·th~t th~s struct~·}e · was singl~ ·: in. : th.e · . . . ·>· ... · : ·¥~ 
: · · . ·.. . ~ · 'f~:fti~lda~, ·and .. was· ~ba~acteri~e~ . by _cilia. ~~.o~e :leng~~ ·w~s· . > : . : · : · .:.· · ~J~ 
· · . ... ·. ~~ :. ~xc~s~ ci£ ·lQO·. pm . . No~e . of the hi~ to-logical gat'a · w~·re· · · · · · :,. _: .. . : i;~~~ 
• 0 • • • • •• 'Ji! 
.. . : .. ·presented photogt:aphically o'r as diagrams .. ~ 'fhe!e~o~e .in . ' . . . · .. . . :,: 1~ 
· ~Yd~r : to. ~.e;u~idat~ th~· ,struct~re .of thls suggested . s·~ns~ :.:·: . · . .. : . . - ::·· . . };~l 
.· • . ' . . . ... . . . . • . ' :!l ' 
• 
0 . o .rga'~ ~ .was ' d.ecid~d~. · to make: .an ~ttemp~ . · ~o' claz:ify . ~.ts ·. ·. 
struct~r~ · dt both · t~~ light and ~ltrastructti~~l l~v~l. 
. .... . . . . . \ . 
2. · Biology, I ... \ 
' ~ .. ~ Q 
. :- : . ·: The . Gi~nt s~allop', : Placopectim·' mage1lani.~u~ (Gmelin)·, · .. · . · '-. 
is' wide,ly .. distri~ut.ed :along . th·e·· 'eas·~ c~as't . o,f r-lo~~h .. Americ~. • : . : 
. '1 t~. geog~aphi,c~l ~lrrd verti cal di~tribtition have b.e.~n wel.l 
, . ~ . : e~:tabti~hed ~Y .. a nu~ber . o.f a~tho~~· ·.(Merril, 19·59 ; ·.· Pos~ay, . 
"' . ' ... 
' • 1 I ;. ' • , ' - 0 
··1957; · S.quires.; , 196Z.) • . Its southern r~nge ·extenas .as far · 
. . . ., '• .. . . . . . 
. · ·,. . ::· . sptitli .. as. Cape · cod~ . while · .s·c~llo~. beds have. be(m di·s·c~ve~ed :. 
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·' 
as far nortti a~ ~istol~t B~y in iabr~d6~ (M~rril• ' l~S9j ; 
' • i:a • ' • '" • ' , · , • ' • •• 
.J. 
, • • l , · _ . , , • • . • · ' . • • J e 
. . ; The ~nability to·· ad:limatize t:O high temperatures-· appears · · 
' '' .·j ' , ' ' • . . . . ,' .. . -. ; • . . \ ' • 
to limit its' SOUt~ern range, an'd -also. it~ shal l o\l{eSt dept-h 
. (pickie, i~s& ;. Naidu-, · 19 70); ·/ Sca.liops -have. b~~n · found a~ / . . 
tio~. · ·Dickie (19 S_~)- has . show~ - - · --·~ 
. .. . \ •. ~ .. . . . 
. ' . ' \ 
upper temperature tolerance is" no 
. . . I . . . . 
.. depth_s ·. of · between _im -
•' ..,. 9 1 ' • • • _..- , ' 
e~~erimen~ali~ ~ha~ ~he 
. . . 
The .optimum temper.at~re ·for· 'growth a~d 
. • I , · , . I • ' ' 
: ~r~a~~r . thari . 25°C. ' . . 
- 1 ·spawning·: lies . i~ t 'he' range. of 10 - l5°C. 
I I , 1 ' • • , 
. ! .. 
I·ts most northern · 
. : 
'·· ra'nge; arid its : deepes,t depth, were: -o,:d_g'inaily .' thriught . t'~ ' be 
. ' . . . , ' . ' 
.- ·, ·de.pendent upon -·this. 10°C. -~il)imum ·ne-eded · fo~ spawning t·o 
• • • ., wl • • • • • • • • • •' • 
. ~- . 
· . . occu~ ; :· Ho~~ver, ~pa~ni~g has. actual ly been observed. to · occur·· 
. . ' .. . .. 
under more rigorou.s · tempera~ure· conditions, ·so · the · · . . 
.. -'iimita.tions'for its' most northern range, ·or deepe'st. depth,- · 
-~e. yet -to be :de~e~mined. , 
i . · • ' """-. ' • . 
p,·fed~~f anp Bourne (~9p2) .have s~own . that the G~~nt. 
' •, I 
sc~llop will to_ler.ate salinities o,£ - 20%o '.- ·. However·, .· it should . · . 
• f • • • • • • 
' . \ . . . . 
' .: __ be note-d t~at fu~l 'open ~ater sali~iti~s of 35%. i:nvariably 
' · 
· .occur at . depths .. grea-ter · than 3m ll1 Newfoundland coastal 
wat~rs, and .-t .hat ; ·aliniti·es as low as 20%. are. unl ikely to be. 
• I .. 
. enco~tt~red. · · 
. . . 
The sc;:allop is foun_d ·commonly· in s ha-llow, sandy, and 
silty-.b-ays around . the . coast of Newfoun,dland, · an..d· is . the -
. • • . . :_, . . ' :Ab , ~~J ' . . . ·~· 
largest of tne Lamellibranch molluscs found i n these waters. · 
. . . . 
_., 
. . . 
Si nce the bays in .which _they are' found .so admirably fit the 
\ . . . . . . . 
ecologi ca~ . parameters requ~red b'r thes_e ·animals , -th~-Y ~r~ · ·.. ·· . 
.._- · a~undarit· . ail.d · ~req~-e~tly -~_ccur irl large ··.beds, . ~hich :a·;~,~-
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. . e.-asily_ accessible - to , the SCUBA diver; for-.collection ptirpos:~s-;_. 
·. ' 
3~ ~i~tori~al Review ·) 
\ ·The ·grass . anatomy. -~n~ emor'yology,., .·as ~e~i ~~ :~a . variety 
\. • 0 • .. . · ~ . • • • • • • • 
of behavioural aspects have' :been ·w'ell · described by·. :-a riumber I I ' • ' . ' ' 
·, of: ahthors . . : The. ~ost definitive . adc.ou.nt was .the . monograp~ ·. · 
' ' \ ' ' , ' ' ' .• • . . I . ' . ' .. .. ... ; ·: .:: • . · :·.--• . ) 'I' . :' ... · . .. ·:·· 
of· Drew (1906) ~ . ·who described ··the . anatomy, embryo_logy· and_. . -
. \ . ' ' . . . . . . ' . ' . ' ' ' ' ' 
behavi.~ur of the Gi~mt scallo.p.' Very few _ changes _.have had . 
i . . . . . \ . . . 
t,o be m'ade 'to the ana'tomtcal descr.ipt'ion ' 'sin'ce ' that ti~~·-, ' 
. . . . . . . . . 
.· thoug~ certai~ discrep~ncies : ~av~ beeh not~d iri the - ~ccount 
' ·. . . . · ,. . ' ' ' . 
ot' the n~rvous _syste~. ~·ur_th'er ~-tudies -~n ~~e embry~l~gy ' ' ' ·.· 
ha~e ... b~~n ·c~nried. ·out in -~~,~~- _sp~c:l_e\, i~i'tlal~y ·p·y Borden· 
(1928), and later by Merril and Posgay (1967), wllile ~ 
~ -
·.·· . 
.. .. 
' \ I o Cullin~.Y . (1974) ·studied the · ~~velopment from fertilized .egg .. ·· . ·_. · :·.,. 
to settled'·spdt. ·_This . lat.ter: pape~ .included a• study on. the 
~; 
. . . .... 
·par,a~e.te~rs . : that caused tne· spat' to settle . 
. ' ' 
Al fho'ugll the aqa>tomy'_ of · the iJervous· system and ganglia . 
has bee~ .. adequately s.tudie~ by ,bo-th n·rew (1906), "in · h.is 
. . . . . 
general d_escriptionc, · a~d Dakin ·(19f~) ~- in _his mote 'specific · 
, • , I 
descrip-tion ·oJ 'the vi's ,ceral 'ga~gl:lon, . li t~le has ' been . do!le ~-
on : the.- · lar_~e number ~{ 'sense orga~s, which prohably .exist :\ 
. . . ...... . 
around the. niantle ~· peripheri. · The visc~ral ganglion o~ . the 
, ' · , I , , , . , . · • , . " . · • , 
Lamellibranchs is gen~rally larger, and functionally more 
. .. • 'I ~. • • • • • .. • . 
• ' n ·-:. · ' · 
import an~, . than th~ r ·atfier diminutive c;:erebral ga!lglia_ . 
Molluscs have' -'~d~pt'ed ·in a ID$nn~r - s~ch th~·t . the. f~ricti'ons 
~ . ' . . . . . . . 
·, ' . . ' . ~ ' . . . 
normally · assume~ by die cephalic reg-ion, have been .subUnfated · · 
... .. . ..... • t . 
to •the mantle pe_rfpheri J a position' more· sui ted fo~ the : ·, ' ·~ .. 
. ... . . . : 
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.reception ~ of - stimuli = ~n th~ir.sede~tari niche. 
. . 
: : 
c'onseque.ntly 
I . • 
th\s. has . g;...ven ~ ris:e to·. the greater-1niportance· .a-·£ the . · . ... · · . 
• • • ' ' •• • • • • • ,; • • • • • • • • 1 • • • 
visceral · iAhglion·. The ganglion is a multi -.lobed body, _. 
I .• . ' . , . . . J . ' . . . . ~ .. ~ . . . . . , . 
which in ce~tain spe·cies . is . asymmetrical _4ue to, the· ·more ·-
' . .  '~ ' 
, ' . ' · num~rou~ · neuro~s .in ~he iight lo~e~ ~ di~e~t consequen~e of 
·... ' . . . : ,' .· 
the great~r :· nu~be'r ·.of eyes a~ranged on the· ;right~ o; · up'p.et_:·, 
~intli · lob~ (Dakin, ' 1910). 
I 
The 'anatc)my ,·of Pecten' eyes, which :are . very - simila~ to · .. 
those :of-Piacop,ec't~n ·, w~s fit~~ described. by Pa ttfen . ~J887) _ . 
. . . . . ~ . . . . ' 
.·: · In this description he indic'!ted that ·· there. was ·a po~si- · · 
' . ,· ,. . . . . 
. . b~lity~that ·two ret~n•e mi~ht be pre~en~. · Dakin (!~lOa, . 
6 . 
. l~f28) desc.ribed 'in detail the a~atomy qf the , ey~ : :and j.nclu~fe.d 
. . . ' .. . ' . . ' 
- a~ _ exhausfi~e~description oi the tw~ r~tina~. · · H~ al~o· 
suggested that Oile .of the . retin.ae, the dist~l retina, was 
. ci'liateci, and the .other one was .noL Miller (1958') in a · . 
. . . . 
I ~ • I . 
study on the ul tr.astructure of the .retinae .s.howed the· _pr·e ~ · · 
' . ' I I .. 
sence of cilia in•' the r~'tinae ,\ and demonstrated· -that ·. the 
r ' • I 
: ·. cilia forme·d. whorls of concentric membrane~ .•. which · he . · ·. · 
. :. sugg.es.ted ,·to be th~. sit~ o! trans.duct~on ·effected . in much . . ·,·· . 
. : the same. way' as .' the v~rtebr~t.e rod 'cell..' . These results were 
· · ... ·.later conf~rm~d i.n. a ·m~r~:· 2ompr~h·e~si~e ultras t~uc.tur~ . . · ~tud; ,. 
. . ~ 
.. 
.~Y · Ba.rbe_r .. , Eva,ns. and.Lan~ (_1967~ . . Lan·~ · .(196.S, ~966a) · .·tudied .. 
the ~nusuai- mechani~m oi .i~a~e formation ·in the eye'· w ·ich·. is·· 
. ' . . . . . ' . . . . :fJ . . . · . .. ' 
formed by a spherical ·reflectin* mirror, · that. is ,i~u t~d at 
the ·back of_ the eye . . · Further studies · on these struc ures and 
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a 'theory of how ~hey function we.re . mad~ · .by ·Huxl~Y . . (( 68). and· · jf; 
· -~1
. \ ( .. · .. ! 
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· .. Land B 1::::Lal s tudi~s' ~n spec~es of Pecten we're ·carried · ·. 
' . ·. . ' ' 
r · fJ , • ' • , · · •• :~:s:: l~B~::::~~o::d •::x:~~~·;::::~~ (::::~· .::: ::c~:: : 9) ' . 
. <ie~one t a ted·· i:ha t the anima~s ;esponded to angular •. mot ion. 
' and als~ t ,o a decreas.e 'in tight. i'ntensit,y. 'Ii.I~ct ~t w~s 
. .-'_ · sh~w~ thlat on_e .spe_ci~s would .respon~ t~· 0 . -3% ·. d1m1nut.1on )..n · 
·. the int.~:n,sity of .il"lumination. · ·-These studtes also ·demon·- . . 
I . : • . , 
. I . . 
s trated that . the eyes were s·ensi.tive to contrast;· and ·whe·n·· 
' , ' ' ' I ' • ' 
. . ' :. . . . 
placed in a :.tank th::lt ~ontaineci · · a·portion with . a : da~kened· .. · 
.... 
.• . 
. · ~ ·: . background- the scall~p . wpuld 'extend. its long tentacles 
' • • ' ' • . , • A ~' ., • • • • 
·, 
• ·.· · ~ : ~o~ards the dark~~ed ~~e~; · ·r£ thi .. darkened· ·arei··was -~hen 
. ' 
Thi.:s ·was 
. . ~'. .... 
demonsti,:_ated to be· a ,localize'd response' . the •:tent'acles were . 
. . . 
... ''. e ffect9:r organs fqr 5 timuli. b~i~g recei v~d by the .eyes: . . . . . . 
• I • ~ • • • • 
. J . .· . . 1.' . . 
. ' The 'drcumpallial nerv~ _'was suggested a~ . being :the site .o-f 
I',' • , ., " . a ' . 
__ . . ll)tegratlon. · 
. , ·. 
• • , J ' 
Direc:;t ·physi,olo.gical e_viden~e from the. eye.s wa~ •. · 
.. . . · 
. · presente_d by Hartline (1938), who ·showed that . the . tw_o 
_· .: . retin~e· were .functionally di.ffe'rent 'in . the.ir physiol~gical ,, 
. . . . . ~ . 
· ·response~- The distal 'retina was demonstrated to respond· t ·o. · · .· 
,•. • . ' . ..., . ' • I . . ' . . ' ' 
··a .. dec:rea,se in illilmi~tion,· _ a phe~omenori termed : th~ · ·;,~££" : 
respon.se·. The prox'imal r~tina · was shown to ce·a~e , to 
.. r .es.pond when the. light source' was ·.removed. Land: (1966a) . 
• ' ', • a ; • • • • ' ' ' ' ' ) I ' 
· f~-r.th~r· ·i nve.stigat'ed th~ behavioural implicati'o.ns of 
• • • • • • <J • • • . ~ : •  • • • • • 
B'-'dde,nbrock ,·s and MolJer~Rack'e ;·s ~ork . , . ~e showed that . the 
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ciliated distal . ~etina .w·a.s responsible for the.·. "off'', 
r~sponse . · · Gron.ly·.-Dillon .. (1~65) .SJud.~ed ·.th/spectral 
. . ......... . . . ~" . 
sen~_i ti vi.ty p{ ~he : · ~ye although his results· ·are' of little 
· · ~seas he was un~~~rci · that . the image · formation · ~rs · b~ : an . 
' . . ' . .. . . ' . . . 
I . 
. :irt~erfe~~nce· . r~fiectin·g syste.m. Gorm;n a~d· M~Reyno.lds · . . .' 
- . :' . . ·. . . . . . ' . 
: . .. pap~~~ d~mori~trat~d that .the distal retina res~onded in a · 
. . .. · ' . ' . " . . . . 
·simi tar fash.ion to ·the · verte.biat·~ rod. cells· ~ : so : illumi:-:. 
·. 
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' . . n.a t ion · i~~~t~d . hyperp~lari ia ti~~ in. the . re~ilhll ~e.l~·s ~ . . .' . . . . ;. I 
• . • • • •.• ~ • . • • · - • • . • • • 't - · • • . • .:. • • 
(~.cR~ynold.s · ~~ · .~orman., ~970.a ·, 1970b~ . ~·974) .. · .. 
\ . ' . 
. . . . . ·Although there is mudi now known concerning the :. 
• t ' :, ' • ', ' ~ • ' • ' ' • ' ' ' • \ • • ' ' t ' • ' ' •' ' ' • ' • ' ' • I 
.. anatomy and electrophysiology of ·the · eye, only one· study . . . 
' . ' ' . . . . 
.. ... .. ,: . : 
. • ' • . 
' 
has been' m~de on= the development of . th~ · ~rgap. · Butch~r. · ·' · 
. . . . • : 1f \ . . . 
(193.0) · follow·~.d the regenera~ion· of eyes· in · spec.ime~s. · .ot> ·· . ·· . ....... :· 
. · Pec.ten . whos e· .eyes had bee~ e~ci·.~ed. ·The study was carri.ed 
• ' - • • ' I 
.o·qt ·bY. histological secti-oning·, .. o·f the regenerating eye from· 
. . ' ' . ·. . . .. . . 
. a · .. ~a·l ·~ous· t.o the fully developed sta.te. ·The ' results··. 
------.. . · - .--------:-- - __ _ ____ .:.,, _______ ; - -.--: - · --· ~:·:-:·- ·--_ ,...:_ .,, _______ ---- - --- .·l--=:.,'-
·· 1 . ~· ·sug.gested. that · a fully ·functional ey·e.,. was · . ~e~t.or~d a.n~ that· ··~; 
. this ey·e was a primary receptor. · .No electrophys.io'logi~al 
'. 
. .. . 
evidence was presented as . to . wheth~r ·these. re:dev'e l oped . ~yes 
I • 
wer~ functional · or not. · No ultt•stru~tural study has si~ce 
j, 'l' • • . ... ,(, 
been carried. out to determine the sequence ~f · tiss\1e regen.~ . : ' . 
1 , • ~ ' , ' I , • ' ' ' , 
erati.o~,' ;and in par'ticular the. ,regerteration , of ' ~he ·.distal 
. ' . . . . . . 
retin~ with regard. to .the patte~n of development of the ·cilia ~ 
I . , . ·_ - - - . . . . . . . . • , . ·. . . . . . ;, ' - . 
• • ' ' • 0 •• • • • ! ,. . 
· · As has · al~eady been stated. ~he funct.ions noma~'ly 
. ·. . . . . l . .• . . . : · . 
• assUllled . b.y · th~ c~p.halic re.gf on have -.. in .. the·· La~elli.br.an~h~, , · · .;· 
. . . ·. . . . . . . . · . ·. . . . . . 
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be~n ass~nie_d by the visceral · gangli.o~ . . Th~s .the mant~:~ - ~im ·. ·· ·.'. 
·, · ··, , ., - i~ . the. foremost r.egi_c'ln ' i 'n ·th~ re:cept-ion ' of sti~ul:i: . relat{ng' 
.· t6 . the . ·einr,ironnient. ~ · . o~-e~lti _~xp~c-t to finq. tactil~· ,· .·. .· ·• 
• •• • • l ' • • • • • 
. v:istlal,, chemical and vibration recep·i:.ors at the ·mantle rim. . ... · 
The incicjence of visiial' rece+o,rs ha/al ready be in\ #scusseL 
·The niantic edge of many .'Lamel).ibranch .spec'ies : is 
' . ' • ' -. . . 
. · '· covered by . a ; ' nu~ber C?f -t~ntacles; .which _vary in :both siz~. 
. . . . . 
. '. 
· and s·hape·.· :. ~n hhe ~cal lop th~ arr~ngement ·of th~ tentacle's 
· was :fl rst .'descrihed l>y Eisi.g_ ( iss7)·, ·and . . subs.equen~ly by 
. List . (1902·). ·Both ·th~se ·authors noted · that · _two typ~s of .·. ·. 
. tentacles e~i~te·d and that t~ey could :be differentiate-d by' 
their size and posi'tion o'n the .. mant~e· rim. The tentacles 
. I· . . ·. . . : .. . . . . , 
were termed th_~ long and . the short tentacles:. · The long . · 
.· . .. 
. : 
· tentacle~ had . a· .sensory function; Drew (1906) . and Dakin . . . ' , . 
. ' 
Dakin (1909) ·showed 
. ~~· 
•' • f • 
that ciliated cells occurred. on :the tenta~les .. . 'the~e 
· e . . -
. ciliated cells w·e;-e linked via a -~erve network,- ~hfch· ulti:-
, 
mately joined with 'the tentacular nerve. 'It was also noted I · 
. ' ' . . ' . ·' 
'that . the mantle ri'm' a_n'd the tentacie.s were· .. richly -supp-lied . 
· · with ~e!ves ~ and Drew and Dakin · suggested that the . tentacles ·· 
might ·have a · chemosensory f~nctiori. ~exkul'I (l~Hi) ·: s~ggested 
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.that a tac~.ile 'function . was probable, and als·o : s.howed ·that· · . . : . · 
.. scaHops re.sp~nded-·, t<) .~~\re~-~~ts .· ~~- .s:t~~fish in'adiacent .. · J · ...  ·. : · ~. 
\ 
. : . . . ' . . . I . .. , . . . . . . . . . . ) . . . 
· · ··aquarj.a by extendi:Q.g · t~e.i~ t_eritacH~s t'o.wards · the_. _si<irfis4. ): . 
. Gutse 1_1 .· .(~·93o)_: · r~tad~ly~e~9~~t~a~ed. t~t~ile_- _ s~n_:;.i~i~-~:7y · ·: .· :-: 
through :.stimulation ·:of · i~o:r-a:t.e' d · segmen1;.s . of . the mantle · ~ - ·I 
· ~ ·. . : •· · • . . ·\ . • • · ,i . •• • ' . • ·. • " •· .• : . 
~earing ·ten.'tacles with a· 'je.t · of'. wate·r. ''Unfor~\.m~itely he 
. ' .' . . , ' :. . ' . . ' . . . . 
~as unable ~o - ~e~etm±n~ : i~ th~ - ~~nta~ie~ , were a~~b s~n-
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. . . _.: ·. Beha:vJourai w,.ork. by Bu_ddenb~ock and-·M~~ter.~R~c·ke · (19} 3) ·. 
-..\ 
_. I· 
. . . . . . . . .. . . . ., . 
s~~we:~. that the .lo_ng ; ten ~a~~es _, wh_ich. are extended to .arias_ · .· . · 
• 1, . .of 1.ow ~ight . in tens iti'e~' do . not dQ so in response . to a } . 
-~heni~~al . ·st~m~lu~ .. . lfua.t . modill.i ty_ th.ey _did· res~·o~d .to 'w.ks 
. . . ' ' . .f 
: \.·. . n?t d'ete;rm~ned. The ·size · a.J1d. 'the\ .great mobility -·of t~~ lon~ 
1 ·tentacles -and the fact that th& behavioural evidence ~howed -
.! thai they we ~e di 1-ec~ed t~wOrds low light l.~tOns itiO~ 1 
1 • • • • .. • I . 
I .sugg~~te~. that. t~e: w~uld ha~~ sens~ry r.~cept~rs , 4 ei,the~ 
. . , ... mechano- ox: chemo-recep,tors,. 1.n· the.1r ep1thella. · . · · · 
I . . 
- Gel;,llla~ histol~gists late in · the last. centu-ry discovere~ · 
· ·\ paired _ciliat~ci strue:'tures: adjlacent. to . the - ~nus in the ··.,. 
I • • • . ~ ,,r • . 
. · ·~. mantle· ca~'i. .ty · irt a riJmb:er .. _of t~meilib'ra~chs.· . ·.i.heilE! · (1.889) 
' " · . . . \ f . ' ' . . 
" . first ·described thi's st·.~ucture in ~rca._ . ,' Eisig .(1887) also 
Q • 
• ' •! 
des~r'i.bed it in his , review. : The ~tru.ctur~ was described as · 
. .. 
a fla~ ~f tissu.e . upon ·which· rested a number of hair cells. 
List C~9.0Z) des·cribed. ~his . ·stTuct'ure in certa.in species of 
~he Myt:ilidae·. ·: The ·-ab4ominal sens_e organ~ as it was term~d 
. ' '.• ·. . .. 
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• I . b(List, con·s~st'ed . of·.c(p'ad of col~mnar ·ciliated cells 
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·, at·tached to a basal. :ramina .. . The '.bf1Ses ·'o:f the cells were 
,'. 
' . ' . . 
.. ,• 
. 'drawn. o~t ,int~·· axons.• thus,·. indica'ting tha-t the · ~i'liated cells · .. -
' , I • I 
. wer'e primary ·receptors:.· 
' ,, . 
Whi t _e (1937),. .'in a: histolo~ical 
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simi la:r. but th~t · th~ org~n was · a·_ s i.ngle' flap of tis!5ue ·and · 
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' - •• . . . • . • . ' !) • . ' ~ • tt!-' • • • ' t 
not paired as in · the. ca·se .,o·f .the other groups · studied '. He · . · :1 ;, 
showed tha~ the -cilia were ~~t<eme'y loJig ~nd sUgg:sted , i . . . ·. ;,'"' :.' 
tha·t t·h~ cells'. hid ·a./ ·che~o~sens~ry ·func·ti~n-; · ·f 
• • • ·, • · · /.~- • • • • • • • • • • ' • £ 
. . -. · A nuinber .. of'<different fun-ctions h·ave been suggested 
: (I 
! l . 
·.·• ' 
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.. -d::l 
•' .' • • • • ' ', ,/' • • ' • ' ' • • ' ' , • • • ...... ' ' • ' •, L ' 
fo·r .the abdo.mirial sense org~~: ... Theile (1'889)'~and Eisig .. .. · .. ;:: .. 
· ~iss,7 .J .·· both suggest~d -~h~~ .. · it · .·~igh~ ·- r.e:s.~ond _ t·~ ·-:~~brat~on·~ · .·. ·.. ·; . . i}~ 
_·set up in· ·the·water around-the .aniinal, functi~~ing i'n ·a .. ·· .· lr!;). 
similar :ash ion to the bterd H;,e ~rga~ of certai~- fish. ·• < . . •li;' 
. Teleo_logically one c.an ar.gue that th1~ . . ~unc~1on·· 1s. hrg~ly.· · · · . :· ·.·, :!(, 
~ ! ' ' 
.- .~kely. The stimulus ~auld. h~v~ to pa~s · th~ s~nsftlVe ·. . 
. ·. ~a~~le . rim· ·w.ithout · ~t·imul~u:~g .it>) pri.or to.- ~~~~_ption ~t · .. ~li~ 
.:'.abdominal . sense · o~gan · -~ - f~ct w~-i~-~ · ·i~ hard·. ,t~ · .. belie~e ~ ·,. . · · ... 
. ' ' .. . . ' . . . . ~ . . . . ' ' ' 
.. - · .
. . Da~in was una~l_e to .show any . aiteratio.n. ·in behayiou.r- whe·~. · 
. · th~ . abdominal s erise organ'' ·was . ·stimulated~ . or whe~ . (t_ was. ' ... 
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. '1. Collection an'd Maintenance . of Scallo.ps· · .. ,._· . ~ · . . ·... · · .. · : ·· 
AI~ :spe~imens· o.f ·.P .. magel~arii~us w~re. colle~ted: ·~.y · -' .... '>' ·. · ... ~.- . . ·;:;<· 
- - . .. ·I' . . . ;·· . 
. SCl}~A· ~-i vers in depths · fTom 10 -: 2~ m. ~· .Th·e maj'or'i ~y . 9~ • ... :· .· · · ... · . . : : .. .. !.~ ~ 
'' ' ... ' ' ' ' '• ' • ' ' • ' ' ' :,' o ·, • ' • • , ' .' ... •' • • .; ' • " ' ' ,' I o : ' • • • • , '!I~ 
. : . . col~~:ct~~n~ ·.we~~-. m~d~. in Sal.m~ni~r A.r.IY_.; .. -~~~-.~-~~~ -~ ... ·: ·~ _ _. .. ·. : · .: . _/-.:· 
colle·ctio{)ns for smaller individuals being··made .. ·1n . North .· . · <:.: 
• • . • ·,;·· . : . • :. . . . . ~ . . ,t.: . . • - . • • • . L' . 
... 
0 
0 
0 I • ~ - < ' • ' (' o ' " ' I • 0 ' • 0 ' ' 0 0 • 0 I ' 0000 0 • 0 .J·".: 
Harbour, -,bot_h _· locations hei~-~: in · N.ew.foundlan~ . .. · · ~- i:' 
• • • :· • • • .... • • ~ • • • • • • • • ' . • • • • • 0 • f . • . ' · .· • • • • • • ' . ' l .-:. 
· -· Th·ose· · sp~.cimeris being utilized· ·~qr .~the st.\145' . . C?n -·~he ·.. ·· · · ··. :-.\ 
· .. . • • • • • • _. •• c •• • • . • • • • \ • • • •• ••· ... ~ ... •• • •• -~- -· ·· , . • • ......... it:~ 
sense., organs were , maintained in - ·sh~llow wet· benches in the ·. · • .- . · .. .- · h,'l 
·, ~ : · • . • • ..... . . " · -~ .. • ·: · : ' . $ . ~ _ • • • . • • • ·: •• • • .... •••• . ... • : . .. , · -r ~i 
. · :Marine Sciences· Research· 'Laboratory , (MSRLY .in.·Logy Bay.· ·· · ·· . · · .. ; .. 
• . . . The ; ~ call~ps ~sed in the re growih st~di we~e !'lain:, ; ~: :. •• . : . ' :V 
tai'ned ·~mide~ .a variety oi .con'di _ tions • . '._r~ent'r i~aiyi'ciu~'ls · .·. · · . · ·: · ?'\'~; · 
,.! - • • • f,J'!. 
. : wer~ . n\lmbe_'i'e·d. and 18 o~ .... thes~ ·had ··. thEd'r eyes . ·rem~ved. f~oin . . ·. : .. · .:Jr; 
_a : ~umbe.r o~ ,'di££e-~ent ~ortions· of ~he :· u~per .:.o~ lower~-~anile." : · ·r .'r 
-~; :j 
,;! • These'· ~ndi Vi duals. ·we're then place.d . ill a .. series ·.ot" scallop 
; ·· '# 
. traf~ · fabri~ated from·riettin'g and wir~, which'.were . suspended' . .. 
• • • • • • • • • • • • : • • t • • • '"' ·· ~:---
~-;. ·~ froiD. an arra'y at ~ppr'oximate.ly .' lo · in _d~~th · ;in ·i'ogy - . B-~y ~ .·. The' . '::.<>. 
• . • • ' ', • • ' l'l . . ·;: 
. sca~lops we.te Pll!ced fn ~he wa~er in sep:embei. 1~7(~n~ thO• . . ·.·· ,' ) 
; eht 1re array was removed from the water 1n ... f\pn~ ·197.4 ... · The . : ·. . .. - .; 'J 
. ' . . . . ' ·: : .... · . . ' ' . ' . . . - . . '. ·. )i!, 
fiTst '. two 'scallo'ps were removed'' from· the array on .t .he . 4th . . ·, ' .' ~ .. · . .-·.· . H.f. 
.. . .: . . . " . ·- ., _.. . . . -. •. . . . .. : ...;_ . ,A- . . . .. ... ~{: t 
· . t?f .. oc~o~_er 19.73 and . othe._rs w~re t .et·rieved ·at appro.x~matifj.Y ': · .. · · ~ · Jri 
•, . •. . ·' . .. . . . . . - •' . . .. . . . . !:I ,: 
two· .·week:· ·int~ryals. , A . secorid:· _gr<:lup of t~e·nty . s ·c~li·ops_; · . .. ~· 
.. ' fr~m--· ~hich some . ·6r . all 'of: the : eye .. s hai · b.e~n' removed' '.iro~ : ;:l::l 
• . ' . . . . . . ' • ~ ~~ ! 
.. ·· ·the·.· up~~~ ~1;' lower, . ~1' ~ both·· mant~e·s' . wer~ .re~:urned to : thefr . :~· - . ... ~ . :~ 
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"· '. • •• , , .. • .. • • • • . · ' · ·: _,. · .. 0 · ,, .' ' ·~.· •• • • .- . · . .. . .. . - • • ·- _ ·_, . .. • .... ~ 
. ·. ·s·i te o't_ 'c·~·liec~i'on ._in ·~almonier : Arm. ,' . .They ~~~·e' · r~t·a~Aed ' .: . .. ~ . .. ' . ·. .. . . .. . •;· 
' · . .· .·' ... : · ... ... ·.·. ·~ ,·. · · ·: ,' . . ··. ~ · . ,·· .. : · ... -~ . \' ._· .~: ·.-:, ~ : .. . · · .: · fl-,;l · . _ ..,.,., ~ ·· ~~ 
' ':' on_ . . the . bo~t·om at appro;ximately.·: 10 . rn·: in. a herri.rig-J)l~.sh .cage e' . · . • :·: . • • • r ' . .. ·,~- ·~ ~-~~ 
• • • •• •• •••• • ···: : •• •• • • ~ . ·,. .• • • • · ,.' • • • ••• • • • ,· '.·· · ~ • ~ · • • : ••• .: .'/·~ · -:::.: • ( 'f -~ ~ 
The.ca·ge wa~ _- pla.ced in~positiori fn April . 1974-·~ .-'and.sca11Qps ·.. · · ··.; .,. r · 
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were · thi~n collect~d- a~. <;>pe · month :ipteorv.als :. uriti~ ·- DF_cernpe:~ . ; ._ ·. ,. · 
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· Alf sampl.e-s ~£ ~yes. ~ t·en.taties' ,'. :a~d tJ.b.d~niinal _.·sen~~ . >:·.·:·· _ .· . · .-·  .--:_-: · ·!'·': 
'·.~ ·:·'>organs - de.~tided : · fo{ ·~ax -~m~~d-~i'~g ·~-- we.r~·-;~x~~~~~a·o~~n's'/ .·,· :· .. ,· · · ·.:){;; 
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0 
·~i_o· .·~iiiu·t~s : ii!: ,iq% (_.: so%.~ · "sst:··.·_ .. :':·_·._.~ :- .. y· · .:. ·. :j:f: 
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_· . . e7~ano1· .:f~l~ow~d .--~y~.· ~~r~e, . ch:a~g~s :in ', __ ctb~o·~~~~ ·: e:~flri~~- ,-.o~e--~ ·' > : ·:: .-. :- ~p 
: .. ·_ -· .. one . hour~- .· rlie -·:_tlssue· wa~ :the~ · c-ie~r~a ·.in. ~tir·e~ ch~~s~~ ~ o£-: ·. ~- ·• : <. - ·. ·: _:.; -.. 
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lb • • I • : - , • • • • .: • • • • • • • • • .. • • • • • ~ • • • • • r · ... · , . · . · : < . · · . · . · ·. · · · · ·· 
. th~: samples ·:~ were~:--infilt.taje:~· w.i tb a ·Paraplast ~mbedaing~ : ... -: .- ·. .. 
' .'· ~~diu~· (Fisn~~ Scie~{iii~} ;~n~ ;,J(&rte,fd~ z~~o~r~ at,~Stc ., . : .· :···· : . ·. i 
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XY~_en.eJ a~~ ~th~n.ol _ ~ra~ed s:e:ies, ~-o _wa_r._r_._,· . 
tentacles~ - eyes, an&· abdominal · sense· organs 'ltere · 
' ,I' I ' I • ' ' 
st'andard 
The 
·, . . ~ 
., s-tained lin M;q_lory-Heide~h,e~n- ' . s · 1, 2 ,·3 ·_rap_id ·process stain . 
mounts · were made·. using ·Adam .• -~. 
. ' . . ' , . . . ' : 
-~;i th ;,0" thickn~~s~ . co-ver slips •. 
· (Cas·on, -'19.50) .·. · Perma·nent 
'.; . . . 
. . 
. . 
Histoclad ~ mountiQg fluid, 
.. . \: . : 
Se<;:t~·on·s we_re · ~i~·wed - wi_th a Zeiss Photomicroscope II. :. ·. 
,..__ Photogra~hs we;e . made ·uiin,g . ~~dak. Panat6m~c .·X black. ~nd_ . 
' · 
. . . ~· .. . . . . . - . . 
' ~h~te film b~ing a re~ - fil~er, (K~dak ~ Wratt~n g~latin • : ! • 
. · ~ . . . . . . . . . . . . . . 
f.il fer I 25)_, a~ in~ tial -magnif~cations from · xlO to_ x4:00~ _ 
, . 
.. 
. -· 
. ·.·. 
i , .. 
. ,. t.' 
'.;j 
' ' . . ' ':· ~ 
,·, 
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. 0 . . ·:: 
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··!· ·. 
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.. 
# ( -~- . 1 
b.) : ._Epon ' sectio-ns for electron· and lig,ht micros·copr .. . ·:-;, 
• • 0 • <-
(i) . -Fixation 
.·It· is ·well known tha't the · fixation of' inverteb-rate · 
tissue, in pa~ticul~r' ·molluscan ti~·sue, · ha·s ·not . yet ·. b.e~n ' f' . • 
' . perfected or standa_rdi_ze'd, and:. so a vpiety' · o{ fi~·ves· _· 
.. . 
· · ·- · a~d buffer's we~e. trie4, op~y· one of which . pro~ed to :~e . 
sa tis £ac·tory . · The fi_xati ves use'd were as . follo'lo{s·: ·, . •o 
Da~to~' -~ chrom~ osmium f~xative. -The · ~roportionl..~s~.d · -. . 
~ . 
were as follows': 
.. 
Eq~al volumes of a 4% pot~ss.ium . di'chromate 
u ' -
' ' ~ '• 
solutio~!, ·adjuste~ ·to pH 7. 2 with pot·a.ssi.~m hydroxide 1 and-
' . . 
' 
i a 3. 4\ sodi.wD i chl~r~d~ soluti~n. were·,nixed. ~ogether. rd .• 
/ an ~qual volt.u~e · o( thrs . solution and a, solution of 2% ~. 
Osmiu~ tetrox+ in .d.istilJ.. w~ter were inixed to mike)he 
final solution; ·for the fixative (Da.l ton, 1955). 
Karnovsky's fixative. -This was niaf}e up - _in Sorensen's 
! • 
~hosphate bbffer at pH 7.3, and in sea wat~r~ :~ numbe~ of 
, l ·. " ·. :,;·. I 
. . ' i-r, ' 
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. \ 
. '· 
Ill • • 
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~ombinatioris rii fixative~fro~ fi~e ~~rts bf buffer ' io th~ .· 
. .. ' . . ' . . . . 
. . . . ' . . . . ' ' .· 
fu11 str~ngth fi~at~ve~ere ~se~ (~~~~~~s~~96~) :~ . 
i% osmiu~ tetroxi~e.in MilJonig's·· phosphate buffer .at 
. , ,. . 
· pH ~-· 2 (l-fflloni1g,' 1961). 
Q . 
2 .·s% glutaraldehyde in Millonig'·s· phosphate . buffer . at 
• 0 . 
pi-1 7. 2 • . 
. . 
. \ . 
2. 5% g·l_utaral~~hy~_e . __ 1n .sea ·wat~r buffere.d~·t pH i. i.· 
. ' 
• , . 
·- Of all.th.ese' fixat1~es, 'initial fixing .. in 2.5% glut.ar-
• ~ ' . . 0 
.. . 
aldehyde in Millonig'·s buffet pr.oved· ·the:_ most ' aclleptab~e·. in 
. t-h·~ · pre'ser,va ti'on ·of cilia .and of m~mb~ane-.-~oun~ ;~tr~ct~i.es . .". 
~ . . 
.. 
Therefore this fixative ,was emplo.yed at.- all times, . the.· . ·. 
! : • • ' · 1), • • • • 
samples' being fixed for. 'two hours . a~ ro.om 'tem~er.~ture, . then \' . 
· wa~hed in buffe~ uniil th~·odoui ~f .· the. iixati~~ ~is not 
; 
.. 
. detectable, whi·ch could take up· ·to 24 hours at room 
'tempex:ature .·,- The specimens. 'were than po·s·t~ fixed .in 1~ ... 
osmium ' tetroxid; in Millonig's bu.ffe\r .. at:· 'pH . 7."2 . ~or two · 
hours. : . · . .. 1·. , ' • ' 
' . . . 1 
(ii) ·Removal of tissue and embedding ·, 
· T~e eye.s, were removed from the . op:tic' l()be o·f ·. the mant,le 
• <1 
. edge_ by carefu1ly .cu_tting the eye-bea-rirg :_~e~tacle .clos.7 ,to . 
·~he· mantle edge_·~ The capsule surrounding. the eye was 
. . . 
,. .· . . 
· · · nic'ked· with a-- razor. blade · in order to fac'ili tate the entry 
~ · ••• ll' •• • • • •• • ..:__. .l . . • ~ ~ . . . .· . f 
of th~ fixative. The whole ey~ ·and . the· t~n·t~cle was then r., · 
immersed in the fixative: . The·_'t:emoval a~d fi?,Ca.tion· of . th~ - ~ . 
short a~d long tentacles a~d ·t;Jle abdominal' se~se ·. Qr~an .was 
f"' -' ," ' I . 
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. . 
similar . to that of · the eyes. . Care wes ;_taken. t·o remove th·e 
tentacles a~ close to -the· mantle as possible..:. Some ' · · 
.. • • • • ·:' ' • ' \ \_ ' ' • • I . . • : • • • ' 
sections of the mantle . rim ·w.ere removed. with :t:hei r incurnbelit .. :· 
~ . . 
·eyes and tent·acles . . Thes.~ · samples we~e prepare·d for · l . . . . .' 
.. scanning electron microscopr. ·After .post-.,ixati .on the: 
samples ~re transferred ·di.rectl:y .. to · 3S% etha~oi .. wi'thout 
. . ., 
washin_i-; Dehydr.ation w~s ef!ecte&i by .-a. graded .ethanol 
, . . . . • . . I • - • . • 
. . ., . . . . .. 
. series from 35% to 9~% . ethanor' ' with f.inal · dehy_dration for 
0 : • • • 
. f.\ . · . ·, . . . . . . . . 
one hour i~ fre~u~nt ~hang~s of ~bsol~te · ethanol dried with 
. ... . . . . . •"' . . . . t . . . . 
silica ~gel. . , Subseqiu:!ntly. the ·tissues "were ··imrnet:sed in ·. : ·.· 
, 
' ' I 
·, •• ·• • • 4 ', I , •: " • , :i -. . ' 
·Pt:.opylene ·oxide · for bne ho~r with .frequ.en't · chan'ges ·of .filii d.· · . · 
' ' ' ~ " . . . . . ' . ' . ' . 
d ' The · sa~~les ~er~ . ih~n- irifiitrated with a mixtur~ · .of · .. 
, - ""' . . . ' ; . . 
.~qual •. 'vo.luines of _propylene oxi~e a_nd. Epon 812 • (p~us . . DDSA 
' • • ' ' ' ' • ( • I 
and NMA}. without i.ts hardener, J for l hour, this mixture·. 
. . . . ' . . .')· .. . . . . . . . . . 
bei.rig replaced by·. the' complete medium Eponv 812 plus · DDSA, 
• ; ' ,' ' • • • • ,• o • . I :; • 0 . • 
NMA and 1)1;1g ·· 3Q ~ . and th~n plac~d in an oven at 60. C over-
night (Luft, 1961). Some large spe~lmens wer~ in£iltrat~d. 
under vacuum: :~ ~: ·~~c~um d.essicatot .' in o;d.er to i~pr'ove:· .. . ' . 
0 
, " • 
·. infiltrat.ion. ·· . 
. . . 
(iii:) . ·sectioning' and staining .. 
Epon . sect.ions_ ..of this einbedded 'material for. hath -l i ght , 
• • • • • 0 • ' ' • • • • • ' 
and e lec.tron micros cop~ .were ~btained ··on a Reichert Ultra-
. . .... . . ' 
'thick.sections for light .Jpicro'sc'opy' oi .. . 
. . '\ . . . . . 
between- 0. 5 to 1. 0 pm' w,~·re cut on glass .knives made with a 
J • ' . ~ ' • 
LKB Kni fe Breaker. · Thin secti:~ns, :appt'oxiJI!.ate i y· .30 to · 40 n~ 
'.' 0 
. , . 
.· . 
. ~ . . . 
.- thick, wh.ich had silver interference . colours, were obtained ·. • . ·. · 
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. ._ I 
with an E· ~ t. Dupont di.'amond knife~ 
.I 
· 1hick secrlons .·for ~omparison. · wi ~h the histo~·ogical · 
s~ctions, were stained .with, 1% toluidi;ne' b~ue iri 0 disti.11ed 
water at pH 11.1' (Trump', Smuckie~~ and ·Benolitt, ,1961) ·. 
M o • ' , 
Permanent mounts of 0 the ·sections were made 'with Adam' ·~ 
Histoclad.· under .NQ thickness cove-r s·l-ips·. 
·. Thii1 se'ctions mou~t~d on uncoate-d copper gr'lds· were 
' ' l . . .: . • 
stairied in 'a saturated soluti~n of uranyl acetate in 0 ' 
. . . . " :· : 
• 0 !-
. / 
distili"~d water (Watson, 1958)·, washed·: iri dist'i11ed water 'j 
th~n 's~ain~d . in,'a · 1% so1utior/ df· le.ad 
. • , · I 
citrate after Vellab'!e 
. ; . . 
, ' _, "' I , . 
and Gogges,hall {196 5), then washed in 
" . . • l • 
• • r • \ • 
dried. ln both · cases .the--staitis were 
. o 
distilled water and 
~_, I 
filtered through . 
' 
mill.ipore filters ·: ~ounted on syfinges to e.n·sure thai t_hey :I · · 
) ' . . .. . 
~ . were free of sol;d con~aminants. The sections were v:lewed · 
' ~er a Zeiss EM9S . t-rans'mission ele~tr'ori microscope wi.th an . 
ac<;:~lera.ti~·g·-:;,ol:a .J of 60 ~v; Photographs of thO· sect.iOI\S · 
were ·made on. d.ak thick base e<star P.l .ates 6 .. 25 em sq!Jare . 
. 0 • .... 
· ·c) . Scanning electron microscopY · 
) · .. . ' ' \ 
o • · Those samples' being prepared for scanning . ~leciron · . 
• ' I '! ' • 
0 0 
. microsc«;>py were fixed as previously described.·. ·. However"· 
• \ ' 0 • 0 0 
• • . .· ' . . . tJ . 
:inimediately prior · to_ post- fixation .the samp~e.s were aci·d _ 
etched· in U . hydrochloric acid .according to the ··~ethoci of 
Budelmann,. Barber and West . (1973). The. purpo'se 'of ·this o 
. . . . .. .. ' . ' l 
treatment was to. . re~ove. the m~'copolysaccharlde coat -. fol.lnd 0 
_c.ov'eri~g the · epith~lia of most marine_ . inv~rt~bra~es. o The 
samples _were then post-fixed ,in osmium tetroxide · and 
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. following this dehydrated to 70% .ethanol if they were to · be 
· stored .. ).·. ' : \ . 
) ' 
. · The majority of .. l .ong tentacles ·ton;tracted on being 
( : ', . .. t • : . immers.~d in the fixative. ~n order to overcome .. this 
problem . c~rtain samp.ie~ ~~re . iriimersed in .o. ~ DIM. EGTA in 
f~ 1 tered .sea water, for 30 ·min:;. prior to fixation. · EGTA 
. " . . () . ' . . . 
~.;.is fl calc'iuin chelatiilg agent ·which prevents " -regenera'ti ve .' 
. . . 
, , , , r ' • , , , • ' , C 
r .e lease of calcium ions within muscle cells thus ·effectively · · 
. ' \ . ' . . ' I . . . . . , . . 
preventing contraction (Ford ·and Podolsky, 1970).'· c .•• , 
· The s·a~p~es1. were th~n freeze ~d~i~d ~ those ·which. were 
. . 
·stored in 70% ethanol being .rehydrated prior to freeze-
. .· . 
-d-rying. To minimize ice cry.stal dam~ge and to promote more. 
' .. ' ' ·, . . 
. ·rapid coolin.g, th.ey were . plac~d jn· a. que.nching fluid, · Freori . 
• J • • 
12 (dichlorodifluorom~thane), . m'aint~ined just above · its 
I . • , 
' . \\ . I I, ' 
mel!ting polnt of -158°C. by. liquid 'nitrogen. Once i~ the 
', I ' ' 
quenching fluid the sa~pl~s froz~ and · we·re then transferre,d . 
\ 
to liquid ni-trogen an.d via t~is to a Speedivac.-Pears'e 
Tissue Drier. Th~ ice was· removed under a vacuum of"· 
o· . . . • 
. ap,Prox~mately 0 .. 03 Torr at .-60 . C for .ei-ght hours. . 
.. ,'fhe: dried . s-ample~ .. were m~unted on alumini'um· stubs· ~ith · ~ilver condu~ting pal.n~,(Ladd · Research Indus.tries) allowed 
. . \ . . 
to dry and: then pl
1
aced in ' an Edward's Vacuum Coating Unit · 
(1-lodel .E12E) and ·coated with ·a t~in layer of gold .approxi-
/ 
mately 20 . - · 3"0 nrn thick, an ev~n "cc:>ating " being ensu~ed. by . 
. .. 
the use, . of a pla.net~·r_Y rotatioJ]. . unit . (:Budelmann e ~ ·al, 197l) ·: .. .. · 
. . 
.The . coated samples were viewed with a Camb~id~e 
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Ste.reoscan M~-1-k zA., Scimning Electron M~cros~ope· , o.pera~ing 
at .accelerating v~itag~s · fro~ 4.5 to· io kV~ Photographs 
I 
, . , . I . 
of· the : specimens were· recorded on· Tri X' ~ilm ·. by a 35 mm 
' \ ' ' . ' ' ' .. ' 
... ., . 
Exacta camera. 
. . I . . 
3. · Dissectiohs and El~ctr~physiolog~ 
a) · Preparation of sample 
i 
I . 
' . 
: . in order to 'c·arry out the electrophy!)i,ological experi ~ · . ' 
' . ' ... ' •' ' 
me~ts ' the tentacula'r nerve, which arises ,,as a ,branch-from; ' .. · 
. . I . . . 
or 'feeds iT.l~~ ·th·e· circumpallial n~rve, riiust be expo·sed.' 
' 0 • • ~ • • • • 
T~ls c,Iissection was .. carried out :as follows. A scallop was 
ope.ned by carefully ·sep'arating the adductor musc~e froin 
- • I , . i •, 
i .ts point of a_ttach.ment on t-he upper or· right mantle· . . A/;·· 
Small : segment: of the upper .mantle from the an.teriOi ~idJ .. 
(rig~t ~ide) near . ~he ears of the .valves, bearing one ot 
. I . 
. . . \ 
· ~ 
' two long t~ntacles, a few eyes, many ·small tentatl~~ .and 
0 
I 
0 
' 
0 ~ I 
'· . 
the velum, was ' dis~ected Jree, and · pinned onto ~h~ .dis~ 
sect ing di'sh · with insect pins. An · 'in.~i(s.~o~ was · m~de .aio~·& .. . · .  :.·~ 
the circump<Hlial b~o~d . vessel, which li.es superior to the· •. . 
i:.ir·cumpallial nerve (see ~ig. 1)... The. ci~cumpallia1 nerve 
is surro.unded : by a · ~hlck collagen sheath. The tentacular · 
nerve is also surrounded by a collag~n sheath ' an~ is 
embedded. in the ' surrounding muscle tfssue, he.nce is · 
e~trem1 hard to ·. see unless followed out from .the Circum': 
,:pallial ·nerve. · In ·order to ascertain t .he . exact .destinatiqn 
·-of this nerve it b'ecame ne'cessary to di ssect the nerve as 
. : . . 
. . . 
fa'r as possible ·to its periphery~ ·. Tl!is was facil i tated in · 
I - :...:_ 
.. 
. , . 
. 
•, . 
'·' 
-.. , ..
,, 
: ~ ' 
'·~ 
I . 
: . : 
• ' ' 
~;! dl j ;· ,., 
I" l:;:! 
I :• 
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...  I ;\, 
:~ .. J 
.., 
H 
. l ~ 
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· I I ~ 
·: ; 
;J 
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- 22~ . 
. '# 
th,e irii tial. stag~~P~a.l of ~h.e -:col+,agen , and· m~s~le . by 
enzymatic d1gest1on. The method employed was a modJ.fled . · 
. . . ' . .' . : . . ~ . \ ' . ' 
' I • ' • 4 ·, ' •' ' ' 
method of that used by Roj kind., Porta~es and .Cid .(19 74) to 
·separate. out ·ra.t .liver .c.ells. :·A SO/SO mlxtureo·f 
· ' . coll~g:n~se and hya~Sig~~) _each ~~de · up . to 
·~o ~g';:J,oo ~  tere~ s ·e~·,. ~-at~r was . p~u~ed on the 
. . 
prepata tion a~d left. for .periods· ?f up ·to two hours. 
~~ . .. , 
Th.e 
't-entacur'ar nerve was t"hen followed out . from . :the circum . ..: . .. 
. pallia} nerve.,· the· remaining tissue being dissec~ed a'ia.Y 
. . }. . . . . . . ' ' 
with <i'isse.cting needles.ground to 8:. sc~lp~-1· edge. 
In later experim.ents, after the ·pathway o.f the ·. rierve 
• Co • ' • 
had· been elucidated, the . tissue isur,rounding . the nerve "!a.s 
rernov~.d · solely· with 'the. dis1~ecting . needles~ · In. order t•o 
. I 
. ,-.. 
.. . , ,, . 
minimize ·the o·c~urrence of spuriou~ electrical ·ac.tivity due 
to muscle coniractions ~nd aciivitr from . othe~ n~rves, care 
. . 
·was taken to re.move, any ext'~~neous tiSSt_le in · the form of 
the short tentacles, eyes and the .vel tim .• 
. . . 
All· ~xpe·riments_ were. conducted in a controlled 
. . 
-temperature chamber fabricated from laminated· ple.xi.glass-· . 
. sheets . . The ch'amber. w~s 11.5 em in dia~eter and w·as !3.s· em 
deep. · ·The t 'emperature of the chamber was contror'led· by sea 
~ater passi~g thro~gh a coil. of glass tubing.. Since · the 
. . 
·experiments were all. per£ormed in the winter months wheri 
0 . ~ater ·temperatures seldom rose .above . 4 C the syste·m. 
pTeventeq the temp.erature risi~g · above 10°C~ · . A 21.0 em 
,, long silver /s Piver chloride 9P!th elect.rade wa~ ·grounded to ~ · 
-- t . .· . . . . . • 
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is not localized. ' 
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No experiment that was perfo~med for th.e ·regeneration 
·I' 
. s ttidy w"as . s·ucc'ess ful.. · Although experimenta:l pi'oced.ure as · 
.. desc·ribed by. ~u.tchet ... (i930·) ~· was· rep,eated, ·. rege~reta.tion . . · '. 
~ 0 f 0 ' \.__ 1 
0 0 
° /J ' Q 0 ,~ O , 0 
i:. ' 
. '• ' 
•: I 
,could n,ot 'be induce'd, ' . ' 
' ' :'·' '! ' • ' ' • ' • ' .'• ' ' I : •> \ o 
Becau~e. ·the animals were maintained:. under ·a ~a.riety · 
... - -~ 
' · 
i, ' . 
o{.' con(\~ tion~. l 'and were also ·. returned to. the she: 'from . j.;;: 
. . ·whjch .t~ey · ~~i,~·· collected, .the possibility th'~t·. _.regenera~io~ · '···. - . ~ .·· . . )1: } 1 
' . ' ' . \ ' 
• . was previmt~·c:~: by· ··factors .due ·to ' their' rnainten<Jnce may be . . ;Jl;: 1 
·· ..  ~tat~~ to b.~· i~Ptebab.~e .: · Observations. indicat~d tha:~ . th~ ~. · . . .· ·· .. Jf( 
· ·feedjng behaviour--of th~ a~imals ~as · unaffe_9·~ed after; · · Jk'i 
re~va~ of the eye.s ,,• a~d ·many faeces . or p~etido;. faeces ·wet:e !fii!. jl:·.:: 
c.ollected in the depressio~s in· the . substr~te in wh.ich· th~ 
animals were commonly found. Th.erefore i\~ s~ems·· unlike.ly 
~hat the failure of ·tegene!~~ion . w~~ c~u~ed by the lack of 
food . 
'• . · ' . 
One sampl.e of wh!it appe~red to be,.:·a partially . 
<regenerated eye was obtained from an . . ihdi vidual, .maintained 
. ., ' . . :. 
This was 'the only eye that ·was. 
·\ . . . . ' 
· under natural conditions. 
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. \ 
ap'proxima~ely the. same i'n appearanc~· .. as th~. regenerated ,' .. 
eyes ,in the studies carried out by.: Butcher . (19130). Th,is 
sample was re .. moved . from the ears . o.f the mantle) the . 
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position at 1 ~hich1, . a~,co~ding to }.~tche~ (1930) ·and Dakin . 
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. ·: lfe" s ·een in . Fig. a.. 
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R~su.tts ·obta~ned from ·ultrath.in . sec .tioil~ :viewed· with 
0 the' transmission ' el~ctron . mi.croscope cqncurred with t~os..~ 
. ' . 
·I . , ?bt~ined via li~ht and scan,ning electro~ mic~·osc'~py. \ ~ 
:rr.ansverse se.cti.o·ns :of the · tips of ·the · long tenta~l_es show · ::: · 
. . . . . . . . 
I ' :.. 0 ° 0 
· <' the __ papillae .in lon.gi tu_dinal section;' . These can be seen 
· ·., · .' :tc> .. be_at ci.iiate.d ·cells ·. (Fi$·: ·9). ~ The ~i{i~ted cells a~e 
. bo~n .. ~i th-in a · c·aps·ule, which· is.· approxfmat~lr. ·i. 0 pm across 
·. ·· and,iO pm long •. T~e capsule of ·cells is recessed O.S pm · 
. : f~om th.e rip of _. th~ ~a~_illa.·. The lip . or · rim .. of. ~he pa~illa 
.. 
b~ars a c-~llular P..rojecti~~ .o.izs .pm Ion~. the c.iliate(. .: .·· · 
' . . . t • . • • 0 • • I . . . ' I • .. • 
cel~·s . a~e- approximately · ~2.0 pin,, lon~ , a~d are o.- s .. fm-~ · .· 
t .he·,i·r ~arro~~st' ·poi.nt ·"and. 2. 75 pin 'l,t their .widest poi_n.t~ . · 
· · ·. 'These . 'd·imerisions will . ~ary · dependin'g upon · the angle at 
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·· .. the cells. · . Note muli.ivesicu~ar . bodi' (:x~7800) ·: · 
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" , .. 
the · 
. capsule . ~r~ '·/~~~h large~ th:il~ the ciii.a~ed celi.~ b~fng- .at .' . :.. . 
. . ; .. · . . . v . : . . ·. . . . .· · ... · . . :~. ·. . . :· ,· - .I 
lea~t · 5 pm ~n. d~ain~ter . ~nd _20 ·M long·,' ·. 'Th~.y corit _~in · 
. . . . . . . . . . . . . . . . . . . . ·r . 
numer'?us · va.-;i.Jol~~ and granul,es·. ·· The.re . ~:r-e .at le·ast. two . ·. · · 
suppor~ing cells . per. papill'a • . . The exte'rior of the· papill.a 
. . . . ' . . ' . .. . 
• • ' • • ' J • 
... is ··covered· by mi~r·~il:ri· ·~; 0 pm lo~g- ~ ~~i~·h ~re . .. ~~be~ded . 
. in an· eiectr~n~ci~ris~ · su~ ·~tan'·ce th~t _.\s :p~obab.ly a .mucopoly-, 
' . ' .. 
sacchaf.i'de .. ;·.. · ·. · ... 
. : ~ . T~e ·, ~yt~pl~~~ · :f-.-th~· ci.i~~~ed · ~~li~ - is . ·c~~arati ~ely 
. . 
.· ·· ·' ' 
. ' s~rrdundi.ng : supp·orting ··Celi.s: 
dr.ganel~es' the" mos.t . noticeable .of' .which .are the cilia. ·at . 
: . . . .. ~ . . .. . . . . . . ., . . . . . .. ·. . . . . . 
t?e apices .of. th~ · cells.- The cili.a arise from c~ear;ly · · · ·. 
. ·defined. e 1-ectron; dens.·e basa·l bodies • . Tlie ·cilia ·are ... 
~ ... · .' 
· · suP.po~.t,~d . ·on a_ boss at the apex o.f th·e. cells ~(.Fig. ~ 9) · :-· ·: · ·. -. 
: · An _el.ectron.:.den~ ·b~·sa{ ·plat.'e : lie _~ o·.3 P~J''r·~m. -t~e _ dis.tal · . 
... end df .the cells ... .. and. the 'pe'ripheral : axonemes of the ci.lia·.· 
• ' • ' II' ' " ',, ' ' ' ' 
·arise.· from. this. plat~~- · The· ba.sa~ bodies· hve ·rise· to · ._ . 
'.. ' • ·• . . ·. : ' 
siriated TO~tS, .. which may . run· ~liDO~~ the Wht?le 'length . of: .·. ' 
· : the ce-ll~ · In ·so~e·. sections (.Figs~-- 10 ·.and llA) _mi<:rotubu~es 
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papillae · (Fig. 6C). · · Figur·es l3A and' 13D are cross section·s 
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'.. 
. • ' . 
· .tentacl~s o A prel1m1nary . 1nvestlg~t1on· . o{ .the1 r . structure~. 
, · was·mad~o The s~udy was . n~t extensive :si~ce it was decided· 
' •' I ' • ' ' 
- '\ 
\ 
. . .. ;,.. . ' . 
to- c·oncent'-rate upon ' inve~tig.ating the ciliated cells' of. the · .
. / 
. · .long · l~ntacles' o . 
' • 
The shor·t . t~ntac·h~s · are approxiina·t _ely 1?0 .~ • ~~ng· when 
extended (Fig:· SB) ,.· .. Th.ey · . ~re · spatul~·te in ·s.hape_, t~eir 
· ~entra .l ~urface_· being. ·~onc<1ve, and · in · · ~a~y individ~·al~· 'the 
, . . . . - . I 
distat~ portion of · thfs .surface may be darkly ·pigmented: ' 
' ' '. . . . ' . (. \ . . . . . . ' 
When examiri~d · under . the- binocul~r . dissecti~g. mi~ro- · 
• • • • • ' ' • . .. • ,I • • • \ • • 
·· scoJ:le·,p~pillae, similar t .o those'de'scr~bed o.n the- long - ' 
' . I ' ~ • ' , · • • ' • 
te_ntaCles, were observed~ · These ·were COQ.~ined to the· _very · 
· .t/p· of . the tentacle 'and di~ot ' cover . the . distal third of · 
·· ·the te~ia~li as wa~ · sedn io ~ccu~ ori the long tent~cl~so 
• ' , , • I' ' \ , 
Mor.e ·· detailed examiria.tio,n- of the . tip revealed \hat the ·.: . . 
papillae were· . indeed .similar. to.- those pr·eviously de~cribed 
(Fig." 14A) o . ' 
' '· Examination of ~he~ ~en~ral c·onvex portion of th.<': · 
te!l'tac~·e revealed f~rth~r · c~liated, .str':'ctur~~ . .. The · rnos~ ·. 
. . ' . ·. . . . . . · ·-:-- ,' . . . ' . . 
· common .of 'these were found on au· sur.faces of the tentacles 
. . . 
· b ' 
' 
,belO~ t~'e 'tip and .cpn.~i~te.d Of.' a, Cell Or a It~~ber Of CellS · .. t ~ 
• • • .' t .. . • · , . 
each of· wh.ich bore a'. tuft . of· cilia. The _cUia we.!e app:roxi.- · :· . . . . _ 
··mately 10 Jim long. . · Thes~. -qtufts of -cilia r.esembled those .. 
.. . . ,· • . . 't .. 
: found . at the. base of th~ ·long ~entacles o · 
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T.he entl.re 
: s~tf~ce : ~~ c~vered by · ~umerous ~ microvill{; 
·rhe .-secti'on. p·as~e·s· o~Jiqueli . th~oughth~ 
',• 
top ·Of a· .ciliated pa~ cell (x6QO). 
. ' .. 
·.' . Fig,' 15'8~. 'oblique. section .through ·the . 
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.The se~ond st.ructure · c_onsisted :of. a· number of ·cilia~ed . : ... 
· . . 
:. -~ '' . 
·., 
·~ ... J) 
· ·cei1s · tha·t f(jrmed a · pit,·i~ . the. s~rfa·c~j)£ . th~ t:·~nta~-ie .·. . . 
.. The · .pit-·li:·~~ s .truc~ures· cou-~d oill)': ~e ()bserved.! on . ~he ···.rid~es·: 
' . . . ' . ' . ' .. _ . ~ ' . . 
. of the · v~nt~al 'surface of ~he tentacle. (Fig. 14A} . . -The .· ... · . · ... 
' . . ·. : .· . ' . 
·· length ·c;·f · ~-i-lia a~·ising -' froJ,ll. ' the :pits was ~iml.lar · to· ·tho.se 
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-': of the .. ci lia.ted tufts, ~eing ·in the range · o( 8 · _:. 10 pm .-.. 
lo.ng. · .. Th~- dia¥~~te.t .o(_t.he ·~;if was ~ppr~ximat~iy ,0 ..  4-·0 •.? ·. pm~:· 
. ~~·on ' . sections ·1. 0- p~ t~ick. we~e . exa~ined under the 
ligHt microsc.<?pe. ari~ .co.nf.lrmed certa.i~ of · the r'esi.i1 ts · · 
'. . . '· . •,' . 
' .. . 
obt~linecL"{i t~ th.e sca~ing .. electron· · microscope~ ~he' .tufts ···' 
·of <:~~ia .may b~· se~~ to. a~ is~ ·frd~ · ~- .sing~~ ·cell ·(Fig.·. r4n) . 
. ~ .. ,·, . . ,· . . . ~ - ... · . .· ;. ,• . . ' ·.. . .. · . . . .: 
The dimensions of thes_e · ~e.lls varie.d'· from S·_to, 9· pm .·in · 
. ., , , ' .. 
. ' . ', . 
diameter 'and they .were · appr.ox:iina.te~.Y·. ·.14 pm -long._.. Numerous '. ···, . ~ .. . 
<;.ilia. 'could' ~e ·obs.erved- ~t th~ · _.api.ces· ~£. ·-t~e-se .~ells. · The .. : _;.-... · ... __ : . . 
' ' • 0 • • • • • • • • ~ • • 
cells· w·e-re heav:ily pigmented ,- thus · obscuring ·the nu.clEms. ·. ·. :··· .. \ .. ,- · .. 
. Th~ ciliated ~e~b that for~ed the ~i.t~ ."eren~t • . . • 
~obs~rved under the .. light -micros~·op.e . . 
. 
a) ·"Tufted" cells .I 
r· 
\ 
. ' .. ;·· 
.. ' .. ... . ' 
· F.ig.- 15_8 is an electronmicrograph .. of ~n ui.trathin · 
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ll! 
-oblique. ·sectio~ .throu.gh a . ~~it~~ c.eli. · rh~ .. _ s~cti,on. :Pas~es :· 
- . -~·:~~ throtigh -. ·the cet,l · ~t'.' ~he'. lcve~ .. :·9f' ·t~· e b~sal ·h _<?.df~s: .' rhe . . .. . 
• • . • I I' . • . 
cilia h~ive 'a .J)ormal 'axonemal compl inen~ of · ~.: .z micr~tubules . 
.. , 
.· .· 
. Each ciii~- i's. surrou~ded by a: num~er o£ ~icrovil.li. ~£ : ··· . . . . ;-~ :;.~·~; 
variious··. diame-ters .. · Th~- -~rcro~itli are _2.o: pm long ii~(_. · . . .. _,._ ~~ ~~j >·.·· 
. . ·.· . . . . . ?; '1{ 
arise ·from a shou.lde'r around .the .. cilium.' .. The cilia aris·e · . . . :. <:;1,.! 
·. . . .. -. . . _. . . . . . . . . . . . .. {' . . . . . ·, ·. _· ··. . . ·: .. ,_· .. . . . ·--~: rj~ . ~ ' 
·.fro~ · the pit- :forme, d. ·by _th. is· strJ,J.ctur_ e. · -The · cilJa ·have ··: ... ·. ' . ·: . . · ·. · ·· ~ -.. 11 
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Type · I I bas·al bodies and· striated roots~ 
I· 
I 
.. ' ' ' ' ' . . 
mito~h~ndri~ surr~u~ding ~he . b~~~ - o£ e~ch · ~tli~ry rooi·~~ar · 
. " ' ' ' . . . . . . . ' 
. the apex -of t}le ' •eel~ . . 
.) h J ... Pit cells , , I ... I , ' • ~ • .I ' 
' ·. 
The pit _'is composed . of more than one. ~ep . and each of · · 
~ ' 
... 
. . . these ~ells . 'giv.es· rl~e to a ·n·u~be~ of c.~lia. · · T)le cili~ ·. 
'·. ' 
. . . . . "I ' • . 
·have th~ normal 9+ ~ complemen): of. microtubules_. .T~~ cells: ··_ 
·are m~~~· smalle~ tha~ the.tu~ted - aells ,nd . vary ~etween · ~ 
to 3 F. in di~m-eter at . their apex. · ·Long microvilli . cover · ·· 
. 'the surface .of the ·cells /ormi,ng. ·a th~ck . ar;ay in . th~ 
. . 
~Eentral _ pit. · · .·· . 
. \ .-,;,• . . . 
. . , The'' epici~r~is of 'th'e s'hort. i~t~cles 1i~ suppo:{Jfe~ ~)Jl ~;;., 
a · bas~l ~ami~a ~·~ pm th~ck •. The basal · lamina is ~ att~chea· . 
. . ' " ' ' ' . . . . . . . . 
.· to a centr~l ·co!umn of mus.~le .: .·. Oth~.r . . cell _types may . be .. · . .. 
.obs~rved i~· . ~he. epidermis· .. · 11hes~ · inc~u'de large ril~cous 
.. . · .ce~ls _lo·.a pm wide by· n.?.·F .in lengtli, cont·a~ning much ;• .·· · · 
· . ·rough . endoplasmic reticulum, Golg.i apparatJse·s· t artd :a·:· · ·· . · · 
' number of .p_igment g-ranules (Fig . . lSA); . . I . ·.' 
~ . . .
• · 4~ . Abdominal sense organ . . . .. .. - ·r,. . 
The, ab~oblinal . sense org~n which ' ~as · HrSt. described ·· ' , · ·•·• · .. 
. by ~he German histoiogists· .ca.n easily b.e· obs.erved· whh ~he· · · 
·.· . · ..
to the white of .the. mantle tissue. ·The ·oz:gan.· lies on an 
e·l~vat'e·d . r.idge_ ..of tissue, : that ~uns : ·£~om·.~ ~-oin~ ~.f 
I ' 
. ··. ' 
'insertion :'inferior ~o the anus ·, to ·~_·point . of. att~chme~t · . . ·:·. : .. ·.· . . 
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·F·ig •. 16A~ . .. Who~e mount· _of t~e . abdomin~l 
· ~ sense .. orgim view~d with. th'e bi~~cular dl.ss~cti~g 
·m~crosc.ope. The bulbous · end of the sense organ : · .. . 
' . 
. :~~:\_;:) 
; ·'l l\ ' 
' ... ':\iii· I ' . .' . 
. . .. '~··] 
•. 
'· 
. . . I . 
·: · ·. is poin t_·e.d t_owards the · a~us, . tne . tapere,d_ ·portio·n. 
' . . 
.·,· 
· . . 
' ::-:~;il 
; j.r 
··. J 
. : ~ a~t -
·• ' l l . 
. fl 
' 'l 
lil :;' d. J r~ . . 
·,~! . 
. mantle •. · The sen~e organ ·~," moUMed on ~ .. . 1 , · .. • . . j~V 
niembrane (x48) ~ ·. · · · -. . . -. . ·· . .~!~ 
, ' . . . . '.' .  ·:' ' . . : : . · ..' .. ~r. 
" . Fi~ · •. l~·B· . A light micrograph of' a .wa:( .·section .· : . · .... · · · · · · . f:~;·· 
. . . . • . ' . . . . . . .. ;:f 
·.··.· : .. of_ the A~!l~~~.nal ·se~ 'org.an.' Section is · :. .· · ' .. · _,. , '.f~> 
.: transverSe. to the:-:lOng .XiS ; oftlre sense <n·gaii.. .··.·• · . · ,' -~~ 
.·:. '.Arrow .indi:cates ' cilia,· which are cominonly .. - . W• 
. . " . .· · 
.''foun~ ··coyering~·the .~antle.' · (x60) •· . 
. . 
!'>· ' . 
·.: ' 
. " . 
• I • 
·Fig. · 16C. Higb ·pow~i li~ht microg~aph of . th~ . 
. : -· ' . ' 
d-is_:tai porti~n .. · .of t~e .. serisor.y ;pi thelium .. · Note · · .. 
. . ' . ..' . · . . 
. . the - l~ngth of the ·cilia·, and the dark· band at 
. . . ' . 
.. 
. . ,. 
.. 
c. 
.. b se of . the· cilia·, wh~h ·rept_es~nts th~ .. basal 
. diOs of . ·t~e· :cilia (xi400).' Sections 16B lind . 
. C · ~taine~ ln Mall~ry~Heiden,hei~' 5,: rapid_ t ' .- ' 
• ' I• 
. . 
. .. • 1/ . . . . . . . . 
p'rocess. one . :St'ep,..stain •. · ,Sections are .7 pm . . ... ··. 
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··anus,. to· th~· p·o~nt .of att·ach~ent. at· the .lef.t mantl~ · . .. : When . J ~:i·
' ' . . • . "' . . •. . . ~ .. :'! 
.vi~wed _under :t~e bino7u1ar. ~fss,es:t~ng mi_croscope ·, ~ong 
1 
. .,:}' 
~ ciha.:may be. :observed, w~icl~ app_ea~ as· an . opaie~t~nt hai.o _ -· ... , ~·: · · 
---'-----..:::._ __ ~ ------:---,_,___.:_ . ' . /' .. . . . . . . ---./ . ,. ' :' I-
. that.· covers· ~he free edge . .'of the. : .o,rg~ (Fig. ·· 16AJ._; . · .. · · 
I 
. th_at· i't li:es at approximately ninety d~grees -to_·, th¢ 
• . " .,· •• - . .' . . . . . l. . . 
' , 
0 
I , • ., ' • , ' 'f • 0 , 
direction of · the e.x.h'alent .current sea water flow. . . · · 
. . . . . . ... ' ~ . . . . . ' . ·. . . . . .. 
. ' / 
.. 
.The ~rgan is a· Ciliated pad o':f tissu~, ··app·roximately 
. . . ' . - . . . . . . ,..,.·. .. · . . . . 
f ·mm· iong· and ·9· ~ mm ~ide· at its~ w.ides.t poin~. ·.· · If· t~pe.rs· 
·:in . si ~e· :fro~ · . th~ - :f~-i~e4 .-.h·u.lh.t?us ~6rtion · prox~Ii)al· to-- ~h~ . 
·" 
I• .' . I 
. -
. : ·., . 
' , •' I 
Dis·s.ec-~ion .' of. ·,the.: bas~ · of; the organ and its .surrou~ding ·_ . 
· ·ti-~su~, .d~JilO~$~rat'ed t~~t it .·wa~· - _inner~ated b~ ~he ' po.st ·· .. 
' • . I l •· · . , . , . • • • . ,. 
pallial nerve . and by a· JlUmber_: of .. nerves .arislng -frcim · the · 1 
• . • ' • : ' • ' ' I • . ' ' '• • ~ '. ,; ' ' ~ ' • ' ' 
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were ·take~ from · a· wax~emb~dded s.ecti<;m .. or aii -~pan se·ction, · c. 
. ' . . ' ., . ' ' ' ' . . . ' ' . • ! '' - ' ' -. ' . • " " t) ' ,• 
. ' the sreater degree .of. s_hrinkage occ,ut_ting ·'in wa'J{ .embedded-. -
. --. 5-ectio~s .. To~ard~ 'the~ _ ~antl~ end·· :~f~;th~~or~~n,' - ~he .~il -ia · - -. ·-... · . 
\ • ' I " ' • o ,' • ' • , ' ' I • ' 
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' • ' • ' 0 • • ' • • ' • ' • '• ' • • •• I ' • • • • ~ • '9 ~ • ' ) '. '-• 
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. long or ·gre-~te,r. The·. cytopl~sm with·~n the p.roje~t.ion is· 
' 
.. . . . ' 
. ; les·s .e.le~.tr~~-dens~ t.ha'~ t,hat .. of the' parent cell, .but 
, • ' . 
' r ' ' ' • t ' ' 
. :· ~ · 'conta~ns· a nu'mbe·r · of. saccuhtr· . incl,us ions.. Elaboration ··int<,J 
' · .. tighlly ·concent;ri.c membranes ·ais.o .occurs in; the ~i.crovilli .• . 
0 
• ' ~ ' ' \ ' • 1 • I ' '" " I 
. ,' . Th~ ci tcum- apical . pro)ec\lon su~rounds an .. indenta.-ti6.n ·: . 
• · at th.e .,center · o_f the ce.ll wh~ch is \9.01. pm in: d~pt·h~ : an4· : ·. . 
· '. in whic;h· is .·co~tain.ed . ·a boss· ·from ·which ·arises. a cili'um · ) 
.· ·· . ··. (~: 17A). Th~ :iiia • hBve eJongated ba;al bodies 1.T. . . . l 
· l. 7- fh\ long .. J wh1.ch 11r.e ,charac~e.rl'Zed by ~wo extremely. • 
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·electron-dense vertical band~ 160 ·nm apart and ·.correspond~ng · :' · 
' ' • I 
: . i\ 
i:o the perii>h~ra~ ilxonem~s •. · Thes.e ·are ·:o~~ectecj t~ an 
. eq~ally electron-dense basal plate-. The . cytoplasm1c· . 
. > · ~ l!la.terial· between ~he .periphera~ axo~~riies is more ;elec~ron- · 
., 
. ;. . 
·-
···. 
: .: dense than the shaft of the cilium. The 
. p_osi~ion. o·f the' bas~L bodies ·corresponds. 
' . 
stained ·periphe:ral ba'n'd .observed in ''the thl.ck sections . . 
' • • • • Q •• 
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Ba~·ai. feet · may also .be · seen · at the ·level at whiCh r·o.ots . · 
II, 
·are given _o.ff ('Fig. 17A). · · ... 
. Longi tu~nal se~t,i.ons ~(t.he ciliary sha:f~s and t'ips ·~ 
reveale~· th~., certain~·cpia were '· ~·u-~ounded by s:ac·'li·ke . .'' . . 
. : . , . . I .· . ·, , . . 
swe qings . of numerous shapes ~d si'~es . (Fig~ · ·lBA. and :18B). 
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o'f cilia near their.· tips rev~~l~d that 'they' had: the norinal 
' .9+2 ·~xoriemal microtubuiar · .~ompiement and peripheral tails. ·· 
. . . 
·. Th~ ci_lia.ry · me·~brane, in. tho.se cilia wh~h hav~ sac~, •is 
' ,.. . . . 
-modified · on ,one side 'int'9 the sac, and·· is· conneCted to the. · 
ciliary· shaft · by a na~row duct. Tl~e .cent'ra,.l f.ibril~ -~£\:: .. 
~ ' . . . . 
single r'ow or' ciJia have a common <;>rientation, ·-but the ' 
' . . . . 
central ·fiprils in para~lei row's do · not ·have a common .· 
. ali/,nme~-t. · Sec·t~ons ta~en at the .' 1~~~-1 --~£ the .·basal 
bod~··showed th~t. the ~-i _lia a~e sur.ro.unded .by .. ~ . dou91e 
... . 
row of microvilli. · . · '( : · 
• • U' • • 
Numerous ·Stria ted .roots ·~- which r.un · down · tl)e 'length of 
. . . 
. . 
· . the cen for · .a di~tanc~ ·Ot some. 10 ,to 15 Jlln 1 :ending at the 
'·. 
.· 
" . ·) 
') I . '; . . L 
•1 • ' ' \ . . ; ' 
_. ~ucieatec:\_ port:lon of the cellS-, arise from ·the basa1 
. , ~ ·-~ . ' ~ 
~ ·, I· .. .. 
i ' . ' 
bo~dies (Fig. l~A). ·: Tpe·re may .be as · t~-~ as o~e, _ or as. ~i!lY · ·· ..
··.as eight roots per ciliUm.· 
• ' h • 
~ept~te .desmosomes _-·ue b-etween .. · · 
. 
the shoulders of· the .;apices o.f. the cell~ '(Fig: ·-·l7A). 
I ' 
. · Mi'tochondJ;"ia may be observed _in l[;lrge. numbers i~ the 
-non-nuclear portion of the cells. Golgi apparatuses are 
frequently: .present · in close' proximity to the · nu.clei 
' .. ·. ... . . ~ . ~- . . . ' . 
(F.ig. 17B) but little granular .·endoplasmic reticulum is 
. . . . 
.. 
pre.seJ}t. Tl.gh tly _apposed ~horls ·of. ui~mbranes a~e . common·. ·. 
. . . . . . 
~· throughout the cytop·_las~ ·of the ·cells (Fig.· .. 1'7A) . · .. ·.· ,_. 
' . 
: .. . c:~s.?~~tion~ .de~ons t .rate ~-h~t be tw~en, ;e~g·h~_ .. and . ·. . ":I 
twelve c1hated· cells surround each ·mucous cell (F1.g. 18C). · 
.· . ' I I • • . ' • ' 
. ·.·'\· 
The mucous .celt's are .large_r · tll.im_ the ·ciliat~d cells . being · · 
. . 
I 
I 
·. . . ' '. . .. . . .• ·. : . . . , :· ' .. : : . . :. , . I : ...... ... . . . . . 
. 2.-6, to , s.o r~ ~n ~i~met~!· 'but. _ h~vinr .an a~~·~al diame\~er ~_ .. ·.: : '· . .. :.: .. ··. 
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of 2. _0 p~:~ · Lon~i tudina.~ ·· s~ct ions show that .the upper s· p.m · 
'--- . .. . 
:Of the cells USUa~.ly contains a · numbe.r of clear'· VaCU9les, 
·' 
• ' ' I ' 
whilst the reuuiinder o£ t _he cell is :packed. with large . . ~ 
I ' • . ' • 
D . 
. . eh:ct.ron-'opnque mucous . grains of various s1zes lip. to t~ 0 pm · .. 
. . , . ' . 
in Hiameter. · Secreted . mucous drople· t:~ · oc~ur aut~i·d~ the. ·· 
ape·x of . the·. mucous.· cell· . .. The cytopl<,tsm of the mucous ~ells . 
I . ,' • • C.. 
\ 
contains mt.Jch r'ough 'and smooth . endoplasmic reticulum and 
~tso G~lgi appar~ ~us~s (~·lg . . 178) • . . .. 
. \ _.· ~fulti-ciliated ·cells.· have ·. only ·b_ee'n. ob~erved ln 
I :. 
dos s'-'sect ions of. the organ. . ·r.llese · cel.ls are intermediate 
. ': ' . 
in _size .betW.een •the ·mucous and s.ingle-ciliated ·cells, ·~i ~ 
; I . . . . . • . . ' . ....___. 
being approximately t. o /'un in di~met.er. The. :cilia .from · -
• 0 • • •• • ...... ; • • • • 
' . 
. . . 
n .. 
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· these. ·~ells do ,not . have s.urrounding double· rows .of.· micro- . ' ~---... r . ., . 
. .. 
.'}, 
villi . but;' appear - ~5 a single c;lump of cilia· with no_. 
.. ·. . 
d~finite . sp~tial arrangement . .. As many · as · .20 ' roots m~y· .be . 
fot~:nci ii'i these cells, ··which aris·e from complex basal · ·' 
.. ' 
. ' . . . . 
bodies .·whose size is three times · ·that of a . normal. basal ·, 
. . . . · . . ~ ' 
b.odr. · Fi g. · 1.8B _is su~.h. a st~~cture ta,ken near the level 
. . . : . . . ,' ' 
of the' basal plate and is · ·0.~7s· · pm across."" :The <:ytoplasm 1_ 
of these . cells is' more unifox:mly electron-dense than·thaf 
. . . 
·of the ·mucous ce Us. ) 
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This nerv~ is als.o innerv~ted from. the visceral ganglion 
di-re~tly J~ia· the pallial nerv·e ~t a ·n~mber of points . : ·· 
' ' . . . . . . . 
:thr<?ughout .its . l~ngth'. . 'th~s observat;ion - ~s contr_ary t~ . 
that which :was ~tat~d;by Daki~ -(1910a); who said that t~e 
. . . p~~li~l n~rv~s directly innetvated the ey~s. • F.ig_ .. ·t9A is 
' ; 
. a .iow · pow~i light mi~-rograph of t;he nia_ntle ri~. The . circum~ 
· pallial nerve . is see·n in cross-sectional view and lies 
immediately below the ciT~umpallial .blood vesse i . . The 
. . . . . "\ 
circumpallial nerve is ZZS pm in diameter ' and· is surrounde.d 
. . . ' . .· . . 
. by ~- . collagen ·sheath 2 pm thick. Ceil b~dies 6ccur 
8 ' , • , , • ~ I • , 
f_requently. and are in their- grea_test concentration's ~t 
those points ~here there are · j'tincti?ns o'£ the . nerves from 
'Q • • ... , .. _,. . • . 
ci ther the. peripheri or the vi~ceral. ganglion via the po'St· 
~ . . . . 
pal~ial nerve (Figs. · ~9Ra~d 20A). Cells ·. as , lar.ge as 14 pm 
1 , • • 
in d.iam~ter may be seen to ·giye off · an axon that may~ be as 
· lar-ge as · 4.0· pm _in diameter. Smaller cells· al$o occur and 
some. of : these· al'sCi g{ ve ri~e to axo.ns (Fig • . 20B) .' 
I . . . . . . - .· . .·. . . . 
. The . ~~ntacular nerve ·runs ·in between sheets of· muscle 
. "' . .. . 
from where ·it leavt,s . the circumpallial- ne,rve ·. to the tip .. o'f .· . 
. I --... 
_the iin~~cle. At the base oi 't~e tenta~le the n~rv~ is · 
.. , 
·.much f.olde~ ·and' is 10·0 . - 175 pm in diam~~er whiist.- at its 
. . . . . 
tip the path of the nerve is more 'di.rect and the _ ne.rve is · 
5 om~ .. S 0 pm. 'smaller • - .'fhlS . nerve· t .OO' is. surrounded by . a 
. : . . . ·. . . . ~ . . ' . . ' 
coll~g~nous sheat.h, · l .. ~ pm thick~ At thedistal ·portion . 
. . 
, I . ' . ~ . . , ~ , 
o'r' the t~ntacl:e the . nerve is suppor-ted_ i_n th·~ - haemocoelic' ., . 
"· . ' / 
. . . . : . . ~ ·. . ·' 
. ' 
space :~Y a nu}Db~r of _bridges of. col~agen -~hich ru~ . t~ the .. 
.. . I · . ; 
.' ~. 
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. . . 
. · · ·tentacuhr _margin (Fig . . 20B). Th~ tentacular ner_ve al~o 
. . 
contains a· nu~ber . of cell. bodies·, . which are. ·smalle~ : th.an 
' '• ' I ' • • 
0 
' I 
· those· found -in the·~· cirtu~p~llial · ner~e. ·. No axons h·~lVe 
. ' . . . . . . ' . . : ' . . . I . . . 
been:· seen to rise from these ce Us anq the_refore it · .~s l 
sugges t~d that they may be either.' glial c~lls or cells'· 
· a~sociated . wHn the collagen sheath . .. · · 
. . . :. . . j , ·. . . . . 
... . 
I • • 
, 
. ·, 
. . . 
6~ Electrophysiolqgy 
. . _, : . . . . 
I · 
.. . . 
a} · Hype·rosmotic stimuli .... 
~timuli provided hy soditim chloride crystals proved 
inef~-~.ct~ve · iri ·_ producing a r~sponse. ·The high .lo.cal 
~smolarity arbund · the tentacle ·~ff.~ct~·vely de~.t~oyed t.he . .. ·.: 
·stru_cture o_f the tentac-le, th~s · rendering · it ·unable to 
' ' I • ' ' 
respond to· either osmotic or non- specif~c chemical stimuli. 
1?) : Mechanical · stim~li .·.: ,. · ' · ~ I I 
Mecha~·i.cal stimuli ·app~~red td e~ic.i t . a r~sponse . . 
· Howe.ver, . th~ a~pli tude . of the. respo~ses wa.s · v~rY. ~mall ··and· . . ·. 
ha~d to .separate from . th.e noise level.. In.deed it -is hard· : 
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'the · · ey~s - ~re 'of int~r~s\ because . ·they' are . irt contrast _with 
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·· · · ' the· success of. s'i'in.ila;r:· ~n,vest'i]ations bY. .· Bu·~cher · (1930). 
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As. was· stated in the· materials and· methods~ :the · experi--:- . _. 
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~· . . ;-- · ·. · · co-~dit'ions .-· .it .seems i~prqb~ble. ·tha~ . (mvironm~n·t~l ;.fa~.t'~~s;' _ . ... _., . · · .j 
. . ·.· .· '; '·. ' . · .·, .... ::· ' .. .' , ... '.· . :.:----:--:------: ___ ~- · •. · . . ~ ... 
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t~e f~ilu~~ ·.of reg~~_er.atio~ •. .-. H9~e~e_T~ a~ - ~as _ P9.~.nt~~' .. _out · '· · ··· ·· 
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·. Can't that wheri . Samples .f!OJil .. ~he mantle r.im·. were examine'd • . ': .. ' '\- 4 .· ; -< _ ·: . · ·. ·: 
. hi'~tolog·i~a-~ly ~ - de~ene!ah·o~· ·o~ a~y :o.f. ~li~ . tissue r·e~~i~ing· ~ . ~ ··r. · :_ :·_ .j .. . : .. 
· a~terth~ eyes ~ad heel\ removea' ba:d n~t' ·;tartOiL A simil~r , . . ·. \ ( \ ' . 
. .. . prOblem oi:cufs in the re"generatio: 0£ ner~Ous' ;J:s~ue i~ · ... ·· . ' \ . .. )·. , 
,· . < :, ·.· .. . ~h~ · · c~~s tace'a·, · :a.nd' F.ah~renbach. · (1~ 7 4 p~rs_~ .c~nm .-)-. at.trib.ut~s : ·· . .-: .· · .. · \ · ' · · \f·· .. ··:. · . 
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AquiEecte·n· ·irrad'ians. (boreali~s) (Say) .a~d two ·:o-th~-~- I .. , \' •, .. . , . . 
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synony~s ··which ·Gutsell ·1930 s fated ··wer~, ·Pecten.· ir'radians · 
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:_ (Laroa.rk) and Pecten g'ibbus .(Linne). Unfortuaately .Pecten 
·. ~ibb~s · is ·~~so .a. ·syn~nym :f:~r .. ~rg~R~~te~ · gi.bb.us (WaJ te~, · . . · . 
. : ' . ,_.:. \ I.: 
· .. ·· . 
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.1969) a· related . s.pecie~ with :a .. mor~ s.outherly·distr'ibution·. · .. -' ·. 
· .\ B·~-~-~~_er··· ~as i~~t-~e~ ·confused ·· · ~·he · p;ob;·~m .i~h ~i .. s: - ~·i· t~;atu~e · . . .. ' .. ; l 
. . ~ . .' .-~evie~~~~-,~d{:r~e·r·e.ntia~i~~g · b'e ·t~-~en ·. Pe:~t~n · gibb.~s ~ore~lis _ · .. 
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. and Pecten irradians. The ·most ·no.rtherly rarig'e · ·o~ 
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· · · .·· ·. Argopectenl gibbus-i-s. No~th · Ca_t'oli_na (Ailen and Cos~.ello, 
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1972) · a~d ·. it ·is 
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not .'rep6r~ed to be: indi.'g_enous :·to . Woods'· . 
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to ·separate the more· ·norther-ly form .. from that :of Florida . ·. ~ . . 
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;J·: . a' su~sp.~~.ie_s .' f,o~ the . Florida .zone.: I · suspect that .Butche.r . . I ' ' . , 
~ ~·~·:!..I 
denoted . the more norther:ly-spe-c-i-e-S- 'as . a :furt~~r .s.uhs_p_e..cies . · ·~\t.\:. 
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.· · of ~ P.ecten '.gibbus wl.th the subs.peci~i'c name 'of .borealis~ · ·· . 1: . / •. 
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· : . The· ~mbryology_ and anatomy · o£ -'A>- ·1rradians irradians·. ,: · .  
. . • :. . . 
' ,. 
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scallops . have long ' b~en· . imp'l 'icated in the·. recepti~rr' of :··· . : ;r 
, .. ·s.ti~uli. b~>th · ·~a;·.:re·a·s·~ns ' of positi~n · and .behaviou.r: <. I ~~~as · . n 
, ·.·frequently · be~n :· ~ugge~~.ed .. tha:t:~~e·y ·. P~s .se.ss~d ·~i ~~s .for·. -~~e · e- . ·.·:.{ , • 
. ···. receition o( t~ctil~imu{i ~uddenb~oCk . and Miruer-R;lC~~, ··: : · · .. . .. > i ··. ~ . 
' ' . . . . . ' .... . . ' 
.. ~9s.3; ~~kin, ·~go'9; · ore~, .~go~, 19 o 7.). -. ·This theort_. has · · .~ ·• · .. ~· " .. ·~. · ·:r. l · ..  · 
· · ~~eritl~ receiv~d ~s.upport·. (r~m t~e· study o·f"Thomas. ·~~ .> .. :!,' .. ~·· . 
' · . .... qruff~d) ·(197iJ..Who d~mon~,tratecf th~t a tattil~ · a~ : wel·~·.as : . ::- ;..· · · ; ·d.>'.: ... ~ 
.............. , • • ' • • • • 1.· ..: ' ~ '· • • • • • f ~- ' . 
''---~-.?emi'cal st.'im~lus tas tequired . to 'induce the escape ·~f.g~P.o~·s.J · · ·y · e.: · ~-j- · 
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· q£. ·a' bay , scallop. · This . re.spo~e wa~ s·wi~ing · awa-/ ·n·om. p. . · \·:,::'·!' ::._\; 
t·, : : · ·: .~ . ·. . ·. ... .... ' . . . ~. . . . : ·· ~· • . .. . l . · .. 
·. 'number. of di'ffei'ent. prediaoi'y . starfish. , .A tactile · stimulus 
. ·. . . ' . . , . ' d ·. .;.,·_, ~ ' 1:-; ' . . . 
. ,;w.as, irisufficien\·.- to· induce ~wiuing . al~h~·gh ·~t d~a . c.a:~s·e 
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' • • • , '• I, , ' ' ' \ :> ' • : •..., . ' ' I • ' ' ·1- .- ' • - <i 
val~fS of their shells : ·ThieS.· ·sugg~s-te~ · t:-that · . the. : · .t·e:~~icl~s ·: .- · · •· · .. ,... · ~1 
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·· ,,'-are i~~eed !?·possession ·of touch rece.ptofs. ·. '.:' · · ·~ 
· ". ) ; - ,, Th~ str~ctutal res~l~~ 'previQiisJ:>' d<\scrib~ show ' th,at ': 
the, .. ciliated ·cell:~ :at .the· distal t~ps .of the· long tenta~l.es 
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ar,e pr-obably .ci'liated sense .··<>.rgans •. · ·The end o~gans are . . . , 
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' . cells . ·tl:t~msel:ves~ :~t 'is zfqt"known. whe.the.r .·or. not ' the ci~ia . ·; ·: · · 
.are motile. If .~he;· :~re ~~ti ·l~ ~h;e.~ ·_do ·.n~t. beat· in . a~ ... --:· ·, '. . ~ l ; . " : . ~ . . . . 
• • o o o' ' o ' • ; ·l:: ' • • ' ·. . ' ', ' I o ' .. •, 
metach.ro.na1 ,fashion·, .a's' . the: basal ' feet / and·.-'centrai m1cro- . 
: - . . .. ' · :; · ·• · . . : .. · · .· . .. , .· · .·· .. ' .. ·.· ·- :.-· .... · . 
." tubules -of · adjacent cpia ._do not have -.the common. alignmer:1t . 
~ • • • • • • :. ' • 4 .. \ • • • • • ' • • • • • • • • ' ' , : • • • • : 
th;lt WOU,ld be_j:equire~ for. . sudi .a . in~d~ ·.of p~atirig \ tO OCCur ·- 1 
(Gibboris, ·1Q .6lf~·. ··r_i i( ·inte.r.estin~· ~·o · note . th~·t;. · ~;he cilia, · . ··· 
whl<¥1 ·a·r~se fro~ ·the · ce1:~·s · -~i· .th.e . t~ses. · o:f·. th~· ·~~{- ~l'lg~ns, ·. 
. ' . , . ' ' . . . . . . ' ' . ' ' . . : ' . . ·.•. ' \ . . . . 
·. d~ s·o fro~ _ ce~l~ tha~ .~re ntu,ch larg.e·r ._than th·e . c.ellls._ .. of .the 
~·. ~nd org~~s -. · · 'fhes.e cil.ia do· h~ve· ~· ~onu1ion: allgnmen\~ i,.!··.:. ·.:: 
\ ' . ' ·, \ . . '· ' 
their 'centra1 tubul~s and in a!l p.r'~babiiity are m~tile and:'. :: '.. ' 
• ·• ' '1\ ' . . '· •• ' • .• :~~-·· · 
· ;;· b~~·t . metachron~·n:r. }fuft~ple ci~ia also arise from· ~h·~~e 
'cells. and other autho.rs .. ·h-ave .$hown tha.;t macrocilia' are f' .. 
• f ~ I t ' I ' • ' ' "" 
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. ten·.fac.les. This· 1 a'tter :s :tr~-c~:ur~ is· ·s imil~ r' to,the . . :_·_ :j . · :. 
:' . prop~~fid, chC.m~'rec~~toi's foullft ~.~ the tent;c fe~ 0. ~ ~he ' ·• , _ · . > , :; ;; . 
·. ··· .. ' ::::~:d:•:::::lb:h:t::•:h::d~:::::L~:9:::~~lu:-h:::• and · . . · . . . . . ··. . . . . F {, .. ~
· .· _': ~ ~ssent~a~ _ - .to .i.riduc~ t~e . ~sea~~ : !~sp.ons ·~ ·- ~nd ~s~b~·~ ·; . : -:! · · · ·. 
. ' :.: 
. . . ' ·. .· .. . . .. . . '· . . ·- ..... .. :.' .·_,: i'··. '· ~ 
(j ..• < .. t'~·at ~-these .. ·:~i.-ir~·t~d '?rg~~~~ ar~ ~espo n·~ part·. ·.f?r.' . . . ·. :~ _·_:··:· .... ·.·. ': ; r.>.<.: 
. . ' .. . . . ~- : ,• . ' ,· ; ' . ' . . .. . . . .: ·;·~ •' i : . ·: ,· :·_ · .. 
· · .. ·:.·'.· .tli.is. -re.sponse.·> · . . ·. · · · .,:.
1
• • •• ·-~ •. :.· ... . • ~ - ·• 
··:_': ·. ;_ :·. · :~h~ ·a~-~.omi~al -se~~~ .9.;~-~~ · po~~s · ·· ··. :. nt-~r\st{~~ ~ p;oblem .. ·. · . ··\ :.-:·_: ~-: :··· ·: · ·. 
:' ' • ', '. ; ~ ~ • , • ' " • • • ' • ' I ' !4 ~ ' • t ',•,; .:/:''~,~.~ 
" :oa.kin,' cJ.910) show~d · ~ha_t: · ~hen · the org~n wa's · ~blat~'d·.no · . : .; '• 
: ! • •• • ~ • • • ~: • . ' ,' • ' • . • . ' ' ~ ' ', • ' • • • ~"'· .. . 
·· · .- · ·. behavioural ·.modi fie~~ ion o·ccurred :~h~.n · the ·animal : ·was · · · ) : ~lt1 
. ·stirllUl·-~~~d~ ~l~h · _:~·: ~~ber: .. ~f ·dif~eren~ ~:o.d~litie.s ~-~ - ~~-e: ·· · · ·. : -~ 
{'.' . . " .. ' / ·. .... _· . . . . . -~ . ::- · ~ ... ': /.·· . . :. . . . . :· -: . '.. . . " . ' . ' . . . . . . . . ' .. · .. ' 
.. · functions . : i-~. has been . ~ost .commonly assumed .. to-carry.· ·out ~: ·. .. , , :~. : . .-. ~re . ·vi~ta~ion · :e··t:~"~tio~ - ~and .. _.ol~ac~i~n . . · S~n~e-\h~ - · ~sph~·ad:i'um .··. ·: ·. · _; t· ·· .~ .' .· .
I I ' ' ' • ! ' ~ ' ' ~ • , : : ' ' • i' ,• ' ! ' ' ' ' ' 1 • • ' ': • ' ! •' :::,' : 
" · .. <>£ . th:i~ ~ollu~c' i~~ dimi~~h~e · - it .1\_· .. poss'ib·-i~ · ~ita·t: . ·th~ .·· .- .1 .. • ··! ·· :< 
· ·· ·.. .· ·. . ~~ domi riO~ "sense ~Tgan . h ;,_'s~a~ o,l fa~t ~ ry fiui~~i ~rt ~ ~ ~ ~i g~.~. ·.. · . . : • . . . : . •l < 'f 
.. ·. · .' _.,'t)e P,~int_ed· (nit· .th~t: th~ · .s~o ~ ~·alled _ "olf~c~.o.r(~!gan" .of · _. ,·· '..- . · :. : .. · · ::~:·: : "j. .. ·. :_.} 
.I ·: · ~ephalop~d m·oli us'cs: · 6~$ - 'p,t-e~·en~~~-'~ ~:simi.rS:~- p;obtem·. ·wi.ti{_. .  :· .. : . · · · .. . ;! : ~~ :': .: · 
J( . •· .no ciefi.iite, m~cii>.iitY Of r~sj)O~~· navi:ng Yh b.een ~determi~~d . ..  ' . · ... t ;r .. ·; 
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.:_ . ·· :· ... . , .· ., · .. · .. :.' • • /_ . -~ ; ...... '/ ·, • • . ·• . . • . . . . .. : .  ";. ~·· .. ·.: .·. , ' -.·· ,'i" :lii·' . 
/ .· ·· . _i_ -v··-:· 
: .• . ' ·····~. . .• . / ·, .::~~~ : :. : ~ i ! ... ; . . . .... ·{ 
• 'cs~~ : ~H~r and/Wr~~bt; i9~9a: ~atk~nsbn{1.~09) •. The.· .· , · ; ·. ' • . 
·cilia_ry ~~-~i ·~~~at.~-~ns _:fo~nd'. i~ t-h~ .. ~b.9.~m~nal~se.1~ ._orga~ ··., ._. .. .':- ... :: . . . . . : 
re~i~d ·one of . those .des·cribed"·.-:in the frog olfactory ..._ . . · ·· · .. : \: .::-. . · 
... -' • ' ' t ' ' ' ' ~ • ', ', ' , ~- ' ·~·' I' ' : ft :'I < • ' ' ' • • · , ' ' ' ' • • • ', /.. ' ' ' ' ' 
.receptors (Reese~ . 1~65) .· .. Furthermore ··:the · cells of : .the 
" ·. . :· ... :. . .· .' . . ·... :_ .. .. · ..' . . . . . . . . : .. >· . I ._.·. ..· . . .. . _. 
abdominal · ~eflSC , Organ ·appear ·as· bip0l~T 'ne'uroris: With' the · . ' I 
.. \··: : ·. . -~ -: . .. .. · .. . . ·.· .. . . · . . ; . . . ·:·. '.-. -~· - · ·.: . .- I . , . .. .:·. . . .. : . .-
cili'a · a~~th~ir :dend.:ri.tic pprtiori '·muth · .~s ·: do: the cells· in ___ .·· . . _.' .. . 
. · ... :th~ . f~~g' oif'acto';y ~~i~he.ir~~- . Qn~· might a:rgue h~~e-ver ' 
. . . •, . . . ' ' . . . . .. ~ . 
. . :· · · tha.t: th~ ~i·l ia , ~re : . 1\o:t . r~·spo~--~ i.bie f.or· .. the r~cep'ti qn ·of · · · .. , . :·: -1 · · 
•.. ·· stimun,' and.< this i~~tiori ·(, e££e~ied li). t~~ Lodified . . . if : 
. who~ Is O·f.micr~Villf t~a~ occur at 'the ap~~ o~ each . c_e 11. 1 •. ··.· .. . : .· . · ·. , •·)!' •. · : . ·. 
.· ~· · Mi.crovii_ious}u~ays . :h~ve ~ al~~ · be~-~··_s-ho~- ·td .-~cc~r · i~_·_ ·s~.nie ·._ . . ·.· ... · · .· .  ·.· {f .· . 
·· .. · .. · . . ..• Or, t~e · 1~ster0p~ Osphradia (c~is.~;·l-973; . ! ~avfrack,~·97~; ' . ·.· .. · ..••. · .•. , 11 . · .. · ... · 
· · · . -~el~ch·, andStor~h-, ~9~9) : • . ,It11.s· q~1t~. pos~lb,le ·tha~-t~e . · ·.. · ·_; 11· .. ·· :, ·.·."> 
• · · 0 · · · • · · . ·. . · • . . · · .. . . . • •· • • . . · . : ··, ·I ' I :· -.. > .: abd_omrnar. se~s·e org~n ·· subserves .. two· .. £m1~tions .. th~ t· ·· ~r · ·.~ . . ... ·:.·· .· · .: · ·.·.. . .· .! H· .·. ·.: .  ·:._. 
.. ·· · . ·. :~~~morecOpti~nand Peri.a;>Zl~o :th; re~epU,onof me~hani~a} ~ . . ·• .. · ~~ --.•.•.•..• 
. . ... ··.· ' •, /. · • ' . ' ... . . . · . . j, , ' 
·_:;· ·:. s::~-~~-~-~: _: -~~i_ley ~nd)'aver_.ack · ' (196_~? _ a~_d-~ ~t_?_tc_h ._ :a.~~We~s.c~ . ,· · ~ . .. · ··. ~ .-l : .. ·. : > 
. . . ' . ,. . : I ' . I ' ' ' • ' • . • • • •• · ~ { ' 
. · ... · ).1~~·~), , ~av~ shown that ·_..th~ o~p~ra~i~~ ,of s~me m~_rine · . . : '.· : ;, . :. : ' ' -~. n 
"4 ... . . ·: ·. . : . . • . . I . . -. . . . . . . . . . . . . . . . . . . 
-,;'\ ' ' .... gasteropods .. respond, 0t.o• osmotic a's \je h ~s - ito mechanical . .... \ .. ~ 
·~~.· ' . ' .. · .. ,·· . ... · _· .. · .~.' , . ' . .,..··:. ·· .. :: .. . ;.' · .. · . · .. · . . ~· - .~ .... ·~: ... 
. · . ..- s .~i~~Ii. · _ Ho,wete~ · -~·f ·~-~:~,·- .b~~-h . · s.:gge.~ted· .~~at ~-~e· _m:.~ns < ·~:Y. :· : :· .·. · :'''~~3}: 
·: ·. which mechanical stiinu13..tion 'i ·s effe.c 'ted . is . due to . ' . ·. ·. "1 ·:: 
~ ~--· ··< ~ .\ . . ~ ... '. .. .~ : .;.. ' '•... . ·. . . ~ -·· .. ~ .. .. .. . ,· .. ·  ... ~"': .. 
dis.to_rti.on · of· the ~~1_1 m·~mb~cf.Pe· · and t·~~.t:: _  the· me_ tho~ · is· ·· .. - u . · ; : ~ ·· 
. • ' .' \ ·• ' r .• :· 
•• , ' : .,.- ·, • • , ~ ·, · , •,' , G:•. . ,·.: ' ... , lf. 
· · .- s'lmiiar ·when · .. osmotic ·stimuli· occuri- : Th'is ·_.hypothesis is··.:_-_.:.···.· · ~ .. ·_. .. , 
. ~ su~poite~, by phy-~i~lo·g.ica~. ·:e·;~ci.~~~~ - --~s!· .. o~.~~~~o~: ·.·(-~9·~·~:; . ~a~ ', .: ... ···: .  ·: · . ..-:.' ·J . · ,·_; ---
• • ' ' ' .' '. •' ' ·~ .' : ' • ." •: • ' ' ', .' ' I ' I \ •' ~ ~, : -~· ' I ' I ' ' 0 ' ·, • ' ... ,' 1 ', ' ~ ' ' ' t 
. : · . . · ·. · _dema·nstrate<;I . th_a t ·act·i vity . i ,n t?e ··frQg · ~us.cle. - ~p~nd~~- :. c~n ... · .· :· . .' .. : ... :_ ·.· J .·: ·,: . 
. ' ~ •. ;. . •· . .. '' ·. . .. : :. . . ' . . -~'t .• . : . . ' ' . ~ . ... . . : . , ·.- . ,.. . '. - · ... .. : . ,· ' .. '. . . ' : ' · .. · . . . ... _. : : ..... :.. . : ~ 
. :. · b~ · altered .·by-.os'motic·' s·tim4li · acthig · on '. the'; seJ)sory ,. bul.b~ .>, .. :--·.· -:: ::· . . . . -'· ··:· . . ~c 
~ ' . . >: .. ·· · . ... : ..: '': t, ' · .. ' . : . .' .. ' ::: ..... ':1, : .... : · • ..  ·.' .- :,- ' " ', . •• .. .. ·. ·. • ' .: ·.· ' : ·, , .. _. ' . :: . . _.:· ... ~ :- · ; :. ·, : : . • : ·f 
· ·. ·of·the .spindl'e: ·· ·., ... . :. · . ... . . _.· .. ·_ · .. .. · .. · ·: .: .... ·:· .. . :· .... _.··: . ·'t >. 
• ': •• · • • ·~ ·· ~ •·•· • ·-._ · ~-.· .•. - : t • · ·_ . • ·. = .· ~·· ' : ~ .· · ' .., . ,·: . . .. · ~· .. ~ ,, ·.· .. ·.· ·.·. ' . J ·.~. . ..·<.··t ' 
. _ I ' o (). ~ • ' , • ' • • • , ' , , ' , , ' ' •' ' ,' • ' \ ' f/ 1, ;. ·,, 
· ·. · •,' ' , ., .,. . .. · • · . <1 · ,~ : . : r• .. . . ·.. ·· . '. -.· . .' .: · ..'. · ·~ ~ · · ·:-.' . . ·. l . ~ · \.- :··-;, ~~~-~ 
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..• ' .·'to · -· · ;- .. . - : . . . · ,. . . . . ··, · .. 1 . · ' ' . ,0 ,_. 
· .. Th.e fo11,~wing .l:lY.:P~th.eseS'·~te . ttiere£ore. s~.g~e·~·te~ · f<ir· · ;-:. ~ 
· t 'he ~-uri·~t~on . o~ ~the . abd9mi~aJ..~eh·s~ · o~~~~. : . There ~re .. two.· · ·:. O· · ~_. ~ > . ,. :· -:~· ... -··i 
. . . . . . ,. . .. . . ... . . e~ . . ; •. · , .. ' • , , 
. ~ . ,. ! · 0 t · • ·· : - ·.·· .. ~ . . . '"'/ . .. ! .lJ 
· .. J?OS:sib:e: ftirict~-o~s '· ·. t~e . £i r$~' ~~j.:~g chemosens~r~1 ~:the . •· .. ·' ~· · ... : ::_.::·7_: • :. · •. ·~". · ~-·: • .• ·· · _,::_:::_·.j;"'~'t ·.J·i_·.<.'\:. 
· s.e-;o~d,_ be~ng ' mechanical.: ' -, 1 • · • o • • • .- • , • 
I 
. . ... ' ,' , f, . () ' . , . r . · ·;· ;- !. ' t • 
. ·: · · · Th:e· ... t~~mos'ensory func;ti~~ p'qssi bl~ fo;>~he , :. ·' , , :--~ 
.' · -·" j .... . . . .. ~ :~ , , _ ... ~- . ... , ,. ... ... - '•' '- . ~- - • • ·.·_ .. • 0 - · ' : .~ .. ::: ... l:!. _~ i . :: :~·: ··: 
. . -~o11o_w:ing ·~e~s<?~~-\· :.:_. The ... osp~.r·~a~~m .w.hi~h i~_ :c~~o~ly.':·,·. ·· . ·: v .. . . : . . .. . • • .: , .~· ' ·.:~· . ~--. •·•· •• 
· ' assu~ed to be ·a· .. cliemor.~cep·t!?r in · Lamel.libranch .rnol·luscs ·.1·.s ": ,,.._,.., · ·., . ·> ,.:·;·,··~ ·: ,:, 
• • . ~ • (I 0 ~ t!t • s \ . ·., ' . 0' • ' • ' • : • • ••• • ~ ·~ • • (.., • • • • • ~ 
· s~ail. . The .abdominal ~enst::"9rgan · po,s~~ss~s . both _ posi~ion~r·~··_: - ·.~ ~;· ·
0 
•• :; 1·1·_·.·~ · -.:_; ··, 
·a-nd · s .t'rrictura~ :~~i te_r'ia he.ces;ary•. i.~r .a~ chemo.r~cepto-r.~ . ·:. ·:r::: :<: .· .... _ ·;_..; · ·,_);- ·':-· 
. . .. . :. . : . .. . . . ~ . . . . . . -. . . , <. .-. :., . . .. ·. . ; .. : . . . ~ -.. -~ .·w ,.· ·.: ·, 
.That is it. pr'esent~ a large;;~pithelial, af:ea .- ~ii"~ctTy . .- to ~-· : ~ _, _· - ~ .· :f l ·' , . 
'the Ii~ ~·~ ~ ~':~~ aro..;d t.~• , mailtle, ·s 'cr~~~~~~br'.. if ~aJ ._ ' . ' }J. : ': ; 
'·~qth ·\:he' cilia wh:r<:h · .. o~cur in.· .. many ·cremJ~-ensory'•sy~h-ems- . ..' . :: .:: ·~ . . . :·· ·., ·- . · ~ ;._; ;.=-: -:.: 
- • ·" . ••• ~ · , • : ; .. •.. · · , · ;~· • • : • • ·; · . a . - · ... , · •.. · . ~ · • • ~ · •• .. ~ . • . . : • .' · • ~ . • .. . · .. .. • ~~·\c 1.' -. · • ,':· •
-·a~d ·modi.fie.d. ~icroyilli which h~ve: b.een · show1l in ··the · : / t'· .'·.: ·. ·: ;: ··: ·. :. ·::-.:<;:.,-;- ·. ~ · ·.;:.:' 
•• 1 , , • 'r • , " ' : ' • ~ • . •j ' '"'~ , .'•. > t" ~ 0 -,.. •): •: , I • t :. •' '\ 
~jdne - 'gasteropo.d$' to ' be fungtional',in - the re¢eptj;on· of-'·.· ... '~\ ' ' . ; ';~ ~ - .:_._)· rr .. :_-'. :_ :;.:· 
· . . · ··: . '. I' ···.". •• ' ,· , r ' . () · . .,., · . · 4, ;<··.• ·., . .. ~r· , ' , , ··. · · . 1 ·~, . ~1~ - · . ~·· : 
.. .~ll~inicai · ~·tim~li-. · · -. .. .. · .· , i' . ::. .. : · . ·. :. 4 · ' ' >..:. . ·. .. ,-~.: · .. . ~-..:: .. . !. j !:·;:·.· .. -·~ . : 
. i . . .. ' ' . . ' ., ' ' '! -' ' 
i • . ·: :.: ·_' ··The : ·se~o~d ~typ~ ci'r ~~~~ti_o~ ·.that_· it· mig~· t . ~~bs.~~~e: .is. ; .· :·, ··-: · ~. _·_':--~ .·.: _;_ ) .:.~· .·. · , ~ ~ >/· 
' i ' • , IJ - . . • ,. • • '' •• ' , .' , .' • • • • , .. •• ' • , • 'o' ; 'd . . ,· ·. •. , . : . ~ • ~ , • , . . ·< :·~ ~·-,:,~.: 
that ·of a· mechanoreceptor-.·., ,Hartno~l .(19~7,)' .has. sh~wn; tha·~ · · :,:. 
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-P. ma~imus · . ~Y:i~nt~ in a: - ~ni.di,recti~n-~1 - · turr~.~i f~~~ In .. s~c~. 
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· a .man·n.er th~t : thefr :Cil(ary. c.u,trents .:~re · as_s;isted·"by the; , " _ .. 
, tid;i cll~reni:S : .. I,t i1 p;;,~~~~l-:' t~at . 'the ab~t~;•f. ~e~se ; • ' • ··. . • • . > ' 
o~·g;an may per'f~r!D ' this . func~iori'~ · thus . f~lfilling ·.the -~ .. -- ;· ,· o' .. · . - - ;~·. ~- . · .. ) ... · :·.· . 
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